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Abstract 
In this thesis, a review regarding the syntheses of statin analogues is 
presented. Mevastatin was first isolated from a microbial strain Penicillium citrinum 
in 1971 and showed a cholesterol lowering ability in human body by inhibiting the 
enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. Soon 
afterwards, a variety of statin analogues were obtained by fermentations and by 
organic synthesis. 
Syntheses of statin analogues were achieved by first synthesizing the key 
intermediate alkene 49 from D-mannitol as the starting material. The chirality of the 
two stereocenters in 49 were created by indium-mediated allylation on homoallylic 
alcohol 61 and stereoselective ^^^-reduction of (5-hydroxy-y5-ketoester 73. Cross-
metathesis of the key intermediate 49 with different substituted styrenes in the 
presence of Grubbs' secondary generation catalyst furnished a number of adducts 
51a-e. Subsequent reactions would give different statin analogues as sodium salts 52. 
k / O H 
义二 k x 
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49 52 
Ri=H or protecting groups R2=substituents 
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摘要 
本文描述了他汀類藥物類似物的合成方法。美伐他汀是在1971年從微生 
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Abbreviation 
[a] specific rotation g gram 
A angstrom (s) h hour 
aq. aqueous HRMS high-resolution mass 
BORSM based on recovering spectrum 
starting material Hz hertz 
br broad (spectral) Im imidazole 
"Bu 仏 butyl IR infrared 
^Bu tert-huXy\ J coupling constant (in 
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ca. circa/approximately KHMDS potassium 
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(±)-CSA (±)-10-camphorsulfonic LDA lithium diisopropylamide 
acid lit. literature 
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tetramethylsilane (spectral) m multiplet (spectral), milli-
5+ delta positive charge Me methyl 
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1.1 General background 
Statins are a class of compounds which are well known as lipid lowering agents 
and are used as drugs to lower the cholesterol level in people with 
hypercholesterolemia.‘ Hypercholesterolemia is an important risk factor of 
atherosclerosis and coronary heart disease], the major cause of death in many 
developed countries. The enzyme which governs the rate limiting step in the 
biochemical assembly of cholesterol is 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase.' Statins lower the cholesterol level by acting as a 
competitive inhibitor of HMG-CoA reductase, and therefore inhibit cholesterol 
production. 1 
The first statin being discovered is mevastatin 1 (Figure 1)，which is a fungal 
metabolite isolated by Endo et al. (Sankyo Company in Japan) from cultures of 
Penicillium citrinum in 1976.3 The discovery of mevastatin had initiated the search 
for other potent HMG-CoA reductase inhibitors from microbes. Screening of 
numerous fungal strains led to the isolation of another fungal metabolite lovastatin 2 
from Monascus ruber" and Aspergillus terreus^ by two independent groups. 
Lovastatin was the first statin approved by the U.S. Food and Drug Adminstration 
(FDA) to go on to the market.' A semi-synthetic derivative of lovastatin, called 
simvastatin 3, was also developed by Merck] 
1 
Mevastatin 1, lovastatin 2, simvastatin 3 and pravastatin 4 are regarded as type 
1 statins (Figure 1), which are nature products themselves (mevastatin and lovastatin), 
generated by chemical alternation of fungal products (simvastatin) or by microbial 
alternation of fungal compounds (pravastatin). They all possess a 4-hydroxy 
tetrahydropyranone structure (or its open chain 3,5 -dihydroxypentanoic acid) of 
specific absolute chirality, attaching via a 2-carbon bridge to a hexahydronaphthalene 
ring.' 
〇 L o 〇 L o 
Mevastatin (1，R=H) Lovastatin (2, R=H) 
pravastatin (4, R=OH) simvastatin (3’ R=Me) 
(marketed as the sodium salt 
of the 3,5-dihydroxy acid) 
Figure 1 
The proven biological activities of mevastatin and lovastatin induced 
tremendous activity in synthetic approaches to these natural statins and related 
compounds.^ Totally synthetic (type 2) statins such as fluvastatin 5，atorovastatin 6, 
cerivastatin 7, rosuvastatin 8 and pravastatin 9 were produced (Figure 2) ] The 
lactone ring (or its open chain ) was conserved but the hexahydronaphthalene ring of 
the fungal compounds was replaced with aromatic rings. They were marketed as 
sodium or calcium salts of the 3,5-dihydroxy acid」 
2 
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.m 4 
Atorvastatin 5 Fluvastatin 6 
口 n HC^Y^COaH 
1 CO2H k ^ O H 
VOH P ^ ^ � 0 H 
' Y i r / U v v ^ 广二 A 
人 ^ 
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Figure 2 
1.2 Mechanism of action 
1.2.1 Biosynthetic pathway of cholesterol 
Cholesterol is biosynthesized in at least 25 steps in the liver (Figure 3)7 
The first step in the pathway involves condensation of acetyl-CoA 10 and 
acetoacetyl-CoA 11, catalyzed by HMG-CoA synthase, to form an important 
compound 3-hydroxy-3-methyIglutary 1 coenzyme A (HMG-CoA) 12. This 
molecule is then reduced to mevalonic acid 13 by an enzyme called HMG-CoA 
reductase. Mevalonic acid is then converted into cholesterol through a series of 
reactions including the formation of squalene. It was shown that the step involving 
HMG-CoA reductase is rate limiting in the biosynthesis of cholesterol. 
3 
Consequently, this enzyme was considered to be an attractive target for 
cholesterol-reducing therapy. 
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Acetyl-CoA 10 Acetoacetyl-CoA 11 
HMG-CoA synthase 
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HMG-CoA reductase 
(rate limiting enzyme) 
Mevalonic acid 13 
Series of 




1.2.2 Inhibition of HMG-CoA reductase by statins 
The lactone portion of statins 14 was reversibly converted into an open acid 
15 that resembled the HMG portion of HMG-CoA 12 (Figure 4),ib the substrate of 
the reaction catalyzed by HMG-CoA reductase. As a result, they can bind tightly to 
4 
the enzyme by mimicking its substrate. Thus, statins are classified as reversible 
competitive inhibitors of HMG-CoA reductase. 
H O y V " +H2O 
R R 
14 15 
R=hexahydronaphthalene ring, other alkyi 
or aryl groups 
… ^ ^ C 〇 2 H 
H O - ^ ^ ^ ^ - ^ ^ S C o A icoA 
HMG-C0AI2 
Figure 4 
1.2.3 Plasma cholesterol reduction effect 
Inhibiting HMG-CoA reductase by statins leads to reduction in the synthesis 
of mevalonic acid, and eventually cholesterol. Inhibiting cholesterol biosynthesis 
causes a decrease in cholesterol level in the liver. When liver cells sense the 
reduced levels of liver cholesterol, a feedback regulation is turned on in which more 
low density lipoprotein (LDL) receptors are produced to take up cholesterol from 
n 
LDL in the blood circulation. LDL is the cholesterol carrier in the circulation and 
thus uptake of plasma LDL results in decrease in blood cholesterol level. Therefore, 
statins act by decreasing endogenous liver cholesterol biosynthesis and increasing 
blood LDL clearance, eventually reducing the risk of hypercholesterolemia and its 
related diseases. 
1.3 Previous syntheses of statin analogues 
In 1981, Sih reported the first total synthesis of mevastatin.^ Later, other 
5 
microbially derived and synthetic statins were synthesized. Extensive synthetic 
studies have resulted in the syntheses of the hexahydronaphthalene ring systems of 
type 1 statins, substituted hetereoaromatic systems of type 2 statins, the lactone 
moiety and other simpler statin analogues.^ 
As previously discussed, since the structural feature which is necessary for 
HMG-CoA reductase inhibitory activity in statins is the p-hydroxy-5-lactone moiety 
or its dihydroxy acid, stereocontrolled syntheses of this core unit were widely 
explored. In some routes, starting materials were elaborated from different chiral 
pool materials, such as tartaric acid,⑴(5)-malic acid," and carbohydrates^" while for 
the others, asymmetric reactions such as asymmetric Diels-Alder reaction,^^ 
asymmetric epoxidatioiV^ and enantioselective deprotonation by chiral bases^^  were 
employed. Several routes are illustrated here. 
1.3.1 Synthesis from (5)-maIic acid 
Starting from (^-malic acid 16, Kumar et al. prepared the lactone moiety 
using asymmetric dihydroxylation and regioselective cyclic sulfite opening reaction 
as the key steps (Scheme I)」】 Treatment of ⑶-malic acid with borane-dimethyl 
sulfide as reducing agent gave triol 17, which was then protected by acetonide to 
form a 9:1 mixture of 5- and 6-membered acetals 18 and 19 respectively.^^ Swern 
oxidation of alcohol 18 followed by Wittig reaction furnished the trans-oXtfm 21. 
The asymmetric dihydroxylation of olefin 21 with osmium tetraoxide and potassium 
ferricyanide as cooxidant in the presence of 
l,4-bis(dihydroquinidin-9-0-yl)phthalazine [(DHQD)2-PHAL] as chiral ligand 
under the Sharpless asymmetric dihydroxylation reaction conditions" gave diol 22 in 
84% yield with 94% de. Diol 22 was reacted with thionyl chloride to give cyclic 
sulfite 23. Subsequent treatment of 23 with NaBEU to effect the regioselective 
6 
hydride opening produced the intermediate sulfite ester 24. Lactone 25 was 
obtained by one-pot conversion involving sulfite ester hydrolysis, acetonide 
deprotection and lactonization with sulfuric acid. Lactone 25 with 
hydroxyImethylene functionality at C-6 was synthesized from OS)-malic acid 16 in 7 
steps with an overall yield of 34%. 
C〇2H H O ， 0 〇H 广 
H o 、 、 . i ^ C 0 2 H l h0、、、L0H 見 XQ、、：^ + Ho、、 .b 
(S)-malic acid 16 17 18 19 
(9 : 1) 
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Scheme 1 Reagents and conditions: (i) (CH3)2S.BH3, B(OCH3)2, THF, 0 °C; (ii) p-TsOH, Acetone, rt, 
92% overall yield from 16; (iii) DMSO, (C0C1)2, EtaN, CH2CI2’—78 °C; (iv) Ph3P=CHC02Et, THF，rt, 
83% overall yield from 18; (v) (DHQD)2-PHAL, K3Fe(CN)6, K2CO3, OSO4 (cat.), MeSOsNHs, 
/BuOH/HzO (1:1，v/v), 0 °C, 84%; (vi) SOCI2, EtjN, CH2CI2, 0。C, 90%, (vii) NaBH-, THF, rt, then 4N 
H2SO4, MeOH, It, 63%. 
1.3.2 Synthesis via enantioselective deprotonation 
The synthesis started from mono-silylation and di-benzylation of the three 
7 
hydroxyl groups of cw,cw-l,3,5-trihydroxycyclohexane 26 to form fully protected 
compound 28 (Scheme Desilylation of 28 followed by oxidation of the 
resulting alcohol 29 furnished ketone 30. Ketone 30 was subjected to entioselective 
deprotonation reaction with lithium (6',5")-a,a'-dimethyldibenzylamide 31 as a chiral 
base in the presence of TMSCl,^^ giving silyl ether 32 in 62% yield with 73.8% ee. 
Ozonolysis, reduction and esterification of silyl ether 32 afforded 35. Swern 
oxidation of alcohol 35 gave aldehyde 36, which was treated with 
benzyltriphenylphosphonium chloride and «-butyllithium to generate olefin 37 as a 
mixture of ElZ isomer, in a ratio of 1:4, in 95% yield. Finally, deprotection of the 
benzyl ethers of 37 by catalytic hydrogenation, followed by lactonization produced 
the desired statin analogue 38, in 67% yield. Simple statin analogue 38 was 
synthesized from cis,cis-1,3,5-trihydroxycyclohexane 26 in 11 steps with an overall 
yield of 10%. 
OR OR O 
人 人 入 
(ii) • I I (iv) • r 1 (V) > 
26 R=H .... I 2 8 R=TBS 30 
⑴ 27 R=TBS ( ) L 29 R=H 
OTMS 八D 〜 
1 (vi) OBn OBn (viii) ？Bn OBn 
BnO^^^^^^^O 已 n 
32 , . . 、 3 3 R=CH20H I 3 5 R=CH20H 
73.8% ee (v") 34 R=CHO ( ) 36 R=CH〇 
OBn OBn 1 1 
^ ^ . . A ^ C O ^ M e ’.、、 p h 人 N 丄 ph 





Scheme 2 Reagents and conditions: (i) NaH, pyridine, rt, then TBSCl, THF, 0 � C , 84%; (ii) NaH, 
BnBr, "BU4NI, THF, rt, 100%; (iii) TBAF, THF, rt; (iv) PCC, AcONa, Celite, CH2CI2, rt, 76% from 28; 
(V) lithium (6VS，)-a，(x，-dimethyldibenzylamide，TMSCl, THF, 一 100。C, 62%; (vi) O3, CH2CI2, -78 °C, 
then PPh3, 71%; (vii) NaBH4, MeOH, rt, 68%; (viii) Mel, K2CO3, DMF, rt, 90%; (ix) (C0C1)2, DMSO, 
NEt3, CH2CI2, -78。C to -45 °C, 95%; PhCHaPhaCl, "BuLi, THF, 0。C to rt, 95%; (xi) H2，Pd(0H)2, 
EtOH，rt, then /?-TsOH, benzene, rt, 67%. 
1.3.3 Synthesis via asymmetric Diels-Alder reaction 
Mikami and Nakai reported a construction of lactone ring employing 
asymmetric hetero-Diels-Alder reaction catalyzed by chiral titanium complex of type 
0S>39 prepared in situ from (/-PrO)2TiCl2 and optically pure («S>binaphthol (BINOL) 
40 (figure 5 ) " 
j T T l JTC) 
(S)-39 (S)-BINOL 40 
Figure 5 
Starting from l-methoxy-l,3-butadiene 41 and methyl glyoxylate 42，the 
Diels-Alder reaction by the use of ⑶-39 gave cis- and trans-adducXs (43a and 43b) 
with a ratio of 87:13 with a desired absolute configuration for both adducts at C-6 at 
high % ee (96 and >90% respectively) (Scheme 3). The Diels-Alder adduct 43 
obtained was reduced and benzylated to form benzyl ether 45, followed by oxidation 
catalyzed by M0O3 and decomposition of the resulting peroxide gave the 
a,p-unsaturated lactone 46. Epoxidation of 46 using alkaline hydrogen peroxide 
proceeded stereoselectively afforded epoxide 47. Treatment of epoxide 47 with 
sodium phenylseleno(triisopropyloxy)borate allowed regioselective cleavage of the 
epoxide bond to furnish the protected lactone moiety 4 8，L a c t o n e 48 was 
9 
synthesized from 1-methoxy-1,3-butadiene 41 and methyl glyoxylate 42 in 7 steps 
with an overall yield of 28%. 
OCH3 QCH3 OCH3 
一 + X r^o + r^o 
\ + H CO2CH3 I 6j. L J., 
^ ^ ^ ''C02CH3 ^ ^ 'C02CH3 
41 42 2,6-c/s-43a 2,6-trans-4Zb 
87 (96% ee) : 13(>90%ee) 
OCH3 OCH3 OCH3 
( ^ 〇 (ii) > ("i) 1 1 ^ 0 (iv) ^ 
\ J., ^ L J-,, / O H L .OBn 
43 44 45 
o O O 
A o J Y U ^ o A o 
O ' . / O B n 
46 47 48 
Scheme 3 Reagents and conditions: (i) 10 mol% (S)-39, CH2CI2, 4A MS, -55 72%; (ii) LiAlH*’ 
EtzO, 100%; (iii) NaH, BnBr, THF, 100%; (iv) H2O2, M0O3, then AC2O, pyridine, 62%; (v) 30% H2O2， 
6N NaOH, MeOH, it, 73%; (vi) (PhSe)2, NaBH*，AcOH, /PrOH, rt to 0。C, 87%. 
1 0 
Chapter 2 
Results and Discussion 
2.1 Approaches towards the construct ion of stat in analogues 
In this chapter, approaches towards the syntheses of statin analogues are 
discussed. Alkene 49 which has the protected core unit of statins would be synthesised 
as a key intermediate compound. Olefin metathesis in the presence of Grubbs' catalyst 
between alkene 49 and different substituted styrenes would generate a number of 
on 
adducts 51 which could be converted into statin analogues 52 (Scheme 4). 
RiOy^COsEt H O f c c V N a . 
R 0 
1 ^ f A c 〇 2 E t Olefin ^ Deprotection and ^ 
k .0Ri + I H ^ r " [ 
： Metathesis hydrolysis 
R2 L J C J 
R2 R2 
49 50 51 52 
Ri=H or protecting groups R2=substituents 
Scheme 4 
Two routes have been designed to construct alkene 49 starting from D-arabinose 
and D-mannitol, respectively. 
1 1 
2.2 At tempts to synthesize alkene 49 f r om D-arabinose 
Five of the carbons from alkene 49 could be contributed from D-arabinose with 
the desired chirality at C5 of the alkene (Scheme 5). 
R i 〇 v ^ ( ^ 0 2 E t RiO 
‘ 〇 R i s , 
7 R^o OH O 
49 53 
Ri=H or protecting groups 
H〇， / O OH / O . 0 OH 
• i ^ o — x ' y 一 l y 认 H 
卞 O O 六 〇 六 o OH 
54 55 56 D-arabinose 
Scheme 5 
The retrosynthesis involves 2-deoxy-D-ribose acetonide 55 and glycal 56 as the 
key intermediates. Acetonide 55 equilibrates to form the open chain aldehyde 54 
which was proposed to react with the enolate derived from ethyl acetate via an aldol 
reaction to form compound 53. 
The route started from the acetalization of D-arabinose using 
2,2-dimethoxypropane in acidic medium to form acetonide 57 in a good yield (Scheme 
6).21 Treatment of 57 with methanesulfonyl chloride and triethylamine gave glycosyl 
chloride 58.22 ^inc mediated elimination of the glycosyl chlroide 58 by reacting with 
freshly activated zinc〗〗 and sodium iodide furnished glycal 56 in a moderate yield.24 
1 2 
O OH M e O ^ O M e . 0 OH / O ^ C I 
u u n p c ^ , p-TsOH 「 丁 MsCI, Et3N, CH2CI2 「 
H0、。^^^^^H DMF, rt. 3h, 81% ^ OH 1.5h, 73% ^ OMs 
OH 々 O 々 O 
D-arabinose 57 58 
/ O ^ O OH 
Zn, Nal, THF, ultrasound | Hydration | 
40 °C, 2h, 65% 〇\ 二 二 
々 o J V - o 
56 55 
Scheme 6 
Transformation of 56 to give 2-deoxy-D-ribose acetonide 55 was attempted in 
several acidic conditions (Table 1). When trifluoroacetic acid, phosphoric acid or 
pyridinium -toluenesulfonate was used, no reaction resulted (entries 1-3). The use of 
DL-10-camphorsulfonic acid and jc»-toluenesulfonic acid gave 23% and 45% of 55 
respectively (entries 4 and 5). The unsatisfactory yield of 55 was probably due to its 
instability and high volati l i ty of the glycal 56. 
Table 1. Hydration conditions of glycal 56. 
Entry Hydration Conditions Yield of 55 
1 0.1 eq TFA, Acetone, rt No reaction 
2 0.1 eq H3PO4, Acetone, rt No reaction 
3 0.1 eq PPTS, Acetone, rt No reaction 
4 0.1 eq CSA，Acetone, rt ^ 
5 0.1 eq;?-TsOH, Acetone, rt 45% 
With 55 in hand, different enoates 59 were generated by reacting ethyl acetate 
with strong bases (LDA, NaHMDS and KHMDS) and then added to a solution of 55 in 
1 3 
THF (Scheme 7). However, no desired aldol reaction occurred and only the starting 
material was recovered. 
广 丫 OH 
〜 J OH 0 
贫 strong base ？ ^ 55 V H O ^ ^ '-q 
八 、 T H F . - 7 8 0C ‘ 八 〜 







Reformatsky type reaction in which ethyl bromozincacetate was generated by 
inserting zinc into ethylbromoacetate was also attempted to open the lactol ring of 55 but 
gave no reaction. A possible reason for the failure of the condensation reaction might 
be due to the higher stability of the lactol ring than the open chain form so that it was 
reluctant to open the ring. The failed reaction and unsatisfactory yield led us to look 
for an alternate route. 
2.3 Const ruct ion of alkene 49 f r om D -manni to l 
The retro synthetic steps of the route are illustrated in Scheme 8. D-Mannitol 
would be protected and then cleaved to form a 3 -pentyliene-protected D-glyceraldehyde 
61. Aldol reaction between 61 and ethyl acetoacetate in the presence of strong base 
was proposed to construct the heptanoate chain 53. 
1 4 
RiO r - P o 
U o R . R i O ^ ^ ^ ^ ^ o B _ _ ^ / X ^ H + V V ^ E t 
‘ R i 6 oh 0 Ii 〇 0 
49 53 61 ethyl acetoacetate 
Ri=H or protecting groups 
HO OH 




D-Mannitol was first ketalized in DMF using 3,3-dimethoxypentane with a 
catalytic amount of DL-10-camphorsulfonic acid (CSA) to give l,2:5,6-diketalized diol 
62 (Scheme Silica-gel mediated glycol cleavage oxidation of diol 62 furnished 
aldehyde Then, ethyl acetoacetate dianion 63 was generated using 2 equivalents 
of LDA.28 However, the addition of dianion 63 to aldehyde 61 was not successful. A 
complex mixture was formed and no <5-hydroxyl-y5-ketoester 64 was isolated. 
HO OH Me〇\ OMe ^ V ^ O OH 
^ ^ ’ ( 土 ) 錢 • o ^ ^ A ^ X ^ o 
OH OH 40 °C, 3h, 89% OH O y ^ 
D-Mannitol 62 
广 〇 〇 厂 
r - f - o e 0 \ / A - T ^ o 
NalO,.CH,CI, ^ / d j l H 63 V / 
silica gel, rt, 1h J THF,-10°C / \ T ¥ 11 




Thus, the ketone and the ester groups were designed to be installed one by one. 
First, diol 62 was subjected to glycol cleavage oxidation as before to produce aldehyde 
61. Wi th 61 in hand, different allylations were studied to give the desired homoallylic 
alcohol 65 (Scheme 10) (Table 2). 
^ ^ S v H A l l y — , 
O OH OH 
61 65 66 
Scheme 10 
Table 2. Al ly lat ion conditions of aldehyde 61. 
Entry Al ly lat ion Conditions Overall yield from 62 
1 A l l y l magnesium bromide, THF, -78 °C 67% 1.4 : 1 
2 Indium, A l l y l bromide, H2O, rt 79% 2 : 1 
3 Indium, A l l y l bromide, EtOH，rt 78% 4.5 : 1 
4 Indium, A l l y l bromide, 'PrOH, rt 68% 5.5 : 1 — 
5 Indium, A l l y l bromide, 95% 'PrOH, rt 78% 4.5 : 1 _ 
6 Indium, A l l y l bromide, 95% ^BuOH, rt 83% 5 : 1 
7 Zinc, A l l y l bromide, THF, aq. NH4CI, rt 75% 3.5 : 1 
* Ratio was determined by H N M R spectroscopy. 
Grignard allylation and Barbier-type reactions using indium^^ and zinc^^ as the 
metals were tried. Among these attempts, the desired homoallylic alcohol 65 was the 
major product. This suggests that the reactions proceed via a Cram's open chain model 
31 
rather than a chelation model (Figure 6). 
1 6 
Largest pentylidene group / 
r A ( 6 rM、) 口 I 
Cram's open ‘ O ^ c ^ K ^ H = ^ ^ ) W Au 
chain model n 
f | O H ^ / 65 
.. u Major product 
Medium size , , ^ ^ 
alkyi group The largest group is away 
‘ ^ ^ from the carbonyl oxygen 
r^^ 广 , 〜 / A ) ^ X v ^ 
A ^ O .0 = ^ W h ^ L 
O ^ ^ H 66 
H Minor product 
Figure 6 
Grignard allylation gave the lowest stereoselectivity (entry 1) while Barbier-type 
reactions with indium and zinc showed a better selectivity towards 65 (entries 2-7) as 
polar protic solvents used in the Barbier-type reactions solvated the metal ions and 
therefore disfavored the chelate complex. Different protic solvents were used in 
indium allylation and it showed that solvents with bulkier groups such as 'PrOH and 
^BuOH gave a higher selectivity (entries 2-6). A possible explanation is that when 
bulkier solvent molecules solvated the metal ions, the chelate complex was even more 
disfavored due to steric repulsion, resulting in the formation of more Cram's products. 
Indium allylation using 95% 'BuOH as the solvent was the chosen conditions as it gave 
the best yield of 65. 
The ^H N M R spectra of the two diastereomers had different splitting patterns 
which could be used to distinguish between them. For the Cram's product 65, the two 
protons at the allylic position appeared as two multiplets each with IH-integral at 
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2.15-2.22 ppm and 2.28-2.35 ppm while the two protons of the chelation product 66 
appeared as one multiple with 2H-integral at 2.19-2.23 ppm. Also, the two protons 
attaching to the two chiral carbons of homoallylic alcohol 65 are more downfield 
(3.844.02 ppm) than those of 66 (3.54-3.67 ppm). The stereochemistry of 65 was 
confirmed by comparing its ^H N M R spectrum with that in the literature.^^ 
The homoallylic alcohol in 65 was protected by reacting with 
r-butyldimethylsilyl chloride (TBSCI) and imidazole in DMF to furnish silyl ether 67. 
Dihydroxylation of 67 was performed using catalytic amount of osmium tetraoxide to 
give diol 68 as a mixture of diastereomers. Glycol cleavage oxidation of diol 68 
produced aldehyde 69. Then, lithium enolate 70 generated by reacting ethyl acetate 
with L D A was added to a solution of aldehyde 69 in THF. Aldol addition product 
y^-hydroxylester 71 was formed in an excellent yield. 
/ ~ ~ f ^ 、 丁已SCI, Im, DMF 
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Hydroxy ester 71 was an inseparable mixture of diastereomers with the two 
isomers in a ratio o f 1:1.3 determined by ^H NMR. Due to the low selectivity of the 
aldol reaction, oxidation of the newly formed hydroxyl group followed by desilylation 
and diastereoselective reduction on the ^5-hydroxy-y^-ketoester was the strategy to obtain 
the desired 紗”-1,3-diol selectively. First, PDC oxidation of y^-hydroxyester 71 
afforded y^-ketoester 72 (Scheme 12). The silyl group was then removed by TBAF to 
give (5-hydroxy-y5-ketoester 73. ^H N M R spectra of y^-ketoester 72 and 
(5-hydroxy-y^-ketoester 73 showed a certain degree of enolization of the ketone moiety. 
PDC, CH2CI2, 3A MS 凸 
丫 丫 Y rt, 18h, 8 8 % : T If 
TBSO OH 〇 TBSO O O 
71 72 r-f^ 
TBAF. AcOH, THF 丨 
73 
Scheme 12 
With the 各hydroxy-Z^ketoester 73 in hand, the exploration of different 
diastereoselective reduction conditions to get the desired syn-^, (5-dihydroxyesters 74 is 
shown in Table 3. Sodium borohydride under different solvent systems were attempted. 
The use of EtOH as solvent resulted in a high overall yield but low selectivity towards 
the desired product (entry 1). Decreasing the temperature only increased the selectivity 
slightly but at the same time led to lower yields (entries 2 and 3). Using MeOH as 
solvent even gave the reverse selectivity where the major product was the 
ant\-f>,(5-dihydroxyesters 75 (entry 4). No satisfactory results were obtained from the 
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use of other alcohols including 'PrOH and 'BuOH (entries 5-7) or mixed-solvent systems 
THF/MeOH and THF/EtOH (entries 8-10). Changing the reducing agent to zinc 
borohydride^^ and catecholborane^"^ did not improve the selectivity significantly (entries 
11 and 12). 
Table 3. Reduction conditions of J-hydroxy-y^-ketoester 73. 
〇\ 人八丨丨八丨「OEt Conditions, + O ^ ^ ^ X ^ ^ ^ ^ ^ ^ y ^ O E t 
OH O O OH OH O OH OH 0 
73 74 75 
Entry Reduction Conditions Yield 仗器。兹* 
1 NaBH4, EtOH, rt, 2h 90% 2 : 1 
—1 NaBH4, EtOH, 0 °C, 16h ^ 2.3 : 1 
3 NaBHU, EtOH, -78。C, 3d 65% 2.3 : 1 
"4 NaBH4, MeOH, -78。C, 3d 52% 0.7 : 1 
—5 NaBH4, 'PrOH, -78。C, 3d 67% 1: 1 
—6 NaBH4, iPrOH, rt, Ih 95% 1.4 : 1 
—7 NaBH4,力uOH, rt, 2h 74% 1 .2 :1 
—8 NaBH4,THF:MeOH(v:v二9:1), 0。C, 22h 61% 1.7 : 1 
~9 NaBH4,THF:EtOH(v:v二4:l),rt, 3.5h 71% 2 . 1 : 1 
"10 NaBH4,THF:Et〇H(v:v二9:1)，rt, 2h 73% 1.6 : 1 
—11 ZnBH4, EtiO, -20。C, 5h 80% 1.4 : 1 
—12 Catecholborane, THF, -10。C, 6h 77% 2.8 : 1 
13 l .EtsB, THF,r t 71% 2 . 8 : 1 
2. NaBH4, -78 2d 
1. Et2B(OMe), THF/MeOH(v:v=4:l) , -78 °C ^ ^ 
2. NaBH4, -78 2h ！ ； 
* Ratio was determined by NMR spectroscopy. 
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To achieve a higher ^sy…selectivity, boron-chelation method developed by 
Narasaka and Pai^^ was attempted. Triethylborane was reacted with 
c5-hydroxy-y5-ketoester 73 to form a boron-chelate complex 76 and then sodium 
borohydride was added at low temperature (Scheme 13). Although the desired 
砂n-product 74 was the major product, the diastereoselectivity was still unsatisfactory 
with a 2.8:1 ratio of 74:75 (entry 13). 
Et3B. THF. rt . T Y NaBH^ , 74 + 75 
二 HO 〇 O _78 OQ 




Therefore, an improvement method developed by Prasad was employed.^^ 
Methoxydiethylborane was used instead of triethylborane as the complexing agent to 
form boron-chelate complex 77 (Scheme 14). 
r ~ J r \ Et2B(0Me), THF/MeOH (v:v=4:1) , -78。C 
O ^ S / ^ ^ ^ I ^ O E t I S ^ ^ 〜 〇 
OH O O Et2 
73 77 




The boron-chelation substrate was then reduced by sodium borohydride. A 
much higher syn- to anti-\,3-diol ratio was obtained (40:1) with 89% yield (entry 14). 
The high degree of 砂/^ -selectivity in the reduction can be explained by the chair 
conformation of the boron-chelate formed in which the axial H of the carbon adjacent to 
the carbonyl group prevented the approach of reducing agent from the a-face (Figure 7). 
Hence, sodium borohydride attacked preferentially from the y^-face and ^yj^n-isomer was 
resulted selectively. 
H I 
9 E t \ n … - M e O H J Et 々-attack h 
/V. A + B-OMe - … / 丄 （more favored) 
E , +MeOH ’ 产 Et Et 
NaBH4 \ / Et 
少 / 。 
H Et U 
？H ？H E t \ +MeOH ^ l u 扣！^ 
^ ^ 八 + > - O M e , R i ' T r O ^ ' ^Et hindered 
E t , -MeOH / ^ V ^ d 、 by axial H 
syn-isomer R2 H 
Figure 7 
The stereochemistry of syn- and anti-products can be assigned from their 
acetonides by the '^C N M R spectroscopy.^^ As the two diastereomers can be separated 
by flash column chromatography, acetonation of syn- and anti-l,3-diols 74 and 75 
afforded 57/7-1,3-diol acetonide 78 and anti-\,3-d\o\ acetonide 79 respectively (Scheme 
15). 
2 2 
2 ’ 2 - D M P ’ C t ) - C S A ’ C H 2 C l 2，〇 N ^ X ^ ^ ^ ^ 〇 E t 
二 ： 丫 rt, 3h,81% 6 . O 
OH OH O 
74 78 
2,2-DMP,⑴ -CSA, CH2Cl2 ^ 
二 丫 n rt, 3h, 90% 〇 
OH OH O 
75 79 
Scheme 15 
Rychnovsky and coworkers^^^ reported the ^^ C N M R method for the 
stereochemical identification of 1,3-diols which relies on the conformational properties 
of the acetonides. A syn-acQionidQ exists in a well-defined chair conformation with the 
C(4) and C(6) alkyl substituents in equatorial positions (Figure 8a). In this chair 
conformation, one of the ketal methyl groups is axial and the other is equatorial. An 
对/-acetonide exists in a twist-boat conformation in order to avoid the 1,3-diaxial 
interactions that is present in either chair conformation R! vs Me or R2 vs Me) (Figure 
8b). In this twist-boat conformation, the two acetal methyl groups are in nearly 
identical environment. 
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n , P m H Me 
(a) 6 . - R2 级 
Chair 
R2 jj Me R 2 \ q 
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The two conformations and thus the relative stereochemistry of the diols can be 
distinguished by the ^^C chemical shifts of the ketal methyl shifts and the ketal carbon 
shifts. Typical syn-\,3-dio\ acetonides have ketal methyl shifts at ca. 19 and 30 ppm 
and ketal carbon shifts at ca. 98.5 ppm (Figure 9a)，whereas the anti-l,3-diol acetonides 
have ketal methyl shifts at ca. 25 ppm and ketal shifts at ca. 100.5 ppm (Figure 9b). 
The 13c N M R spectra of acetonides 78 and 79 showed that the chemical shifts were in 
good agreement with the literature data and thus the relative stereochemistry of 78 and 
79 were assigned (Table 4). 
Z 19 ppm 
^ 98.5 ppm R 2 ^ H ppm 
R z ^ ^ i ^ e 〜 3 0 ppm 00.5 ppm 
Ri O Ri H ^ 2 5 ppm 
(a) syn-acetonide (b) anf/-acetonide 
Figure 9 
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Table 4. Comparison of ^^C N M R shifts between literature and experimental values. 
^y^-acetonides 广/-acetonides 
13c N M R chemical shifts Literature Compound Literature Compound 
values (ca.) 77 values (ca.) 78 
… … I axial 19 ppm 19.7 ppm 25 ppm 24.5 ppm 
Ketal methyl shift — — —-7； — r ^ r 
equatorial 30 ppm 29.8 ppm 25 ppm 24.6 ppm 
Ketal carbon shift 98.5 ppm 98.7 ppm l o o i ppm 100.6 ppm 
The chair conformation of the 57«-acetonide allows overlapping between two 
occupied orbitals (oxygen lone pairs) and an unoccupied antibonding orbital 
cr*c⑵-Me(axiai) (Figure 10).37b The two LP。~>o*c⑵-Me(axiai) hyperconjugative anomeric 
type interactions cause an increased shielding (increased electron density) of the axial 
methyl group and the ketal carbon in chair conformation. This accounts for the upfield 







The 炒n-l,3-diol 74 was then transformed to alkene 49 by the following synthetic 
sequence. First, the two hydroxyl groups were protected by reacting with 
ethoxymethyl chloride (EOMCl) in the presence of MA^-diisopropylethylamine (DIPEA) 
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to afford the E O M ether 80, which was followed by acid hydrolysis of its terminal 
pentylidene group to yield 1,2-diol 81 (Scheme 16). 
EOMCI, DIPEA, THF 八八 80% AcOH 
£ i T 0 to rt, 2d, 99% 占 占 rt, 1 .Sd, 78% 
OH OH O ^ ^ ^ ^ CEO"^ BORSM 88% 
74 80 
HO 
H O s J k / ^ C O E t ^ ^ l 2 | l m ， P P h 3 ’ " B _ _ _ ^ ^ ^ ^ / ^ 琴 




The terminal alkene functionality in alkene 49 was introduced from 1,2-diol 81 
fol lowing the Garegg-Samuelsson method^^^ in which diol 81 was treated with 
triphenyIphosphine, iodine, imidazole and tetrabutylammonium iodide. A mixed 
solvent system of toluene and acetonitrile was employed to provide better solubility for 
the reactants.38b The proposed mechanism of the olefination involved the formation of 
a complex from triphenylphosphine, iodine and imidazole (Figure 1 la). The complex 
first reacted wi th the hydroxyl groups and the olefination was achieved by the 
elimination of two triphenylphosphine oxide successively (Figure 1 lb). 
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(a) Generation of complex from PPh�，I2 and Im 
广 丨0 
r = \ . 广 i - i . , _ _ ^ ^ © 
Ns^N-H 丄丨 + H - N ^ N H I 
^ • P P h g 
^ e 0 f ^ 0 
^ N < ^ N - P P h 3 I + H - N ^ N H I 
(b) Elimination of 1,2-diol 
[ = \ ® Q ® 1 
H O y R 2 N < ^ N - P P h 3 I I P h 3 P钱乂〈 R •Ph3P=:0 ^ 
OH -2 N ^ N H 0-PPh3 I® 
丨 ” + 
- P h 3 P = 〇 ， ^ R 
^ P P h 3 -丨2 
© 3 
Figure 11 
It should be noted that the ratio of the reagents used was critical to the success of 
this reaction. The usual molar eqv. of PPhs, imidazole and iodine used in literatures is 
4:4:3 with respect to the diol. However, using this ratio for our reaction led to the 
formation of terminal iodo alcohol 82 (Figure 12) as a side product with a significant 
amount. From the ^^ C NMR of the crude mixture, a new upfield peak at 10.1 ppm was 
observed which was absent in the spectrum of diol 81. This should be the signal of the 
terminal carbon bonding to iodine. Addition of more reagents and prolonged heating 
could not force the reaction to completion but caused the decomposition of both the 






During the reaction, H I was generated which would then be neutralized by 
imidazole as imidazole acted as a base besides forming a complex with PPha and 
iodine.38a However, the imidazole added according to the literature was not enough 
and the reaction mixture was found to be very acidic. This might be a reason for the 
decomposition of the products upon prolonged reaction. Thus, an increased amount of 
imidazole (6 eqv.) was used while keeping the other reagents the same amounts. No 
side product was produced in this ratio but the reaction did not go to completion. 
Finally, the conditions were optimized by the use of a ratio 6:8:4.5 molar eqv. of PPhs, 
imidazole and iodine with respect to diol 81 with a yield of 97%. 
2.4 Olef in metathesis and conversion to statin analogs 
With alkene 49 in hand, olefin cross metathesis (CM) reactions with styrenes 50 
using second-generation Gmbbs' catalyst were performed (Table 
Dichloromethane was found to be the best solvent when compared with benzene and 
toluene which led to incomplete reaction. 
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Table 5. Olefin cross metathesis of alkene 49 wi th styrenes 50. 
Et + Grubbs catalyst II， R-(— | 
E0m6 6eOM 2 CH2CI2. reflux ^ ^ - ^ ^ " - ^ ^ ^ ^ ^ V ^ C O ^ E t 
\ r eomo oeom 
49 50 51 
Entry R C M yield 
1 H 84% (51a) 
2 4-chloro 74% (51b) 
_3 4-bromo 74% (51c) 
_4 4-methoxy 65% (51d) 
5 3-chloro 70% ( 5 1 e ) — 
A l l the C M products 51a-e produced were 五-isomers. The large coupling 
between the two alkene protons (J= 15.9 Hz or 16.0 Hz) of all the C M products showed 
a trans arrangement o f these protons. 
Cleavage of the two E O M ether protecting groups on 51a were attempts using 
different acidic conditions (Table 6). 
Table 6. Deprotection conditions of 51a. 
Entry Deprotection Conditions Results 
1 TFA, H2O, rt Decomposed 
2 TFA, CH2CI2/H2O, rt Decomposed 
3 TFA, EtOH, rt Decomposed 
4 80% AcOH, rt to 80 °C： Decomposed 
5 50% AcOH, cat. conc. H2SO4, 80。C Mono-deprotected products formed 
6 Cat. conc. HCl, EtOH, rt to 50 °C Mono-deprotected products formed 
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Using trifluoroacetic acid (TFA) in different solvents caused decomposition of 
51a (entries 1-3). Heating 51a with 80% acetic acid also led to decompositions of it to 
form a complex mixture of products (entry 4). Using a catalytic amount of H2SO4 in 
50% AcOH or cat. amount of HCl in EtOH only deprotected one of the EOM ether to 
form a mixture of mono-protected products (entries 5-6). Fortunately, treatment of 51a 
with anhydrous aluminium trichloride and sodium iodide in a mixed solvent of 
MeCN/CHiCl i at 0。C gave the diol 83a smoothly (Scheme 17)40 
R- f - I R——I 
Et AICI3’ Nal. MeCN:CH2Cl2(v:v=2:1)^ Et 
二 _ 2 ^ - 2 
EOMO OEOM 0°C, 1h OH OH 
51 83 
Scheme 17 
Following the deprotection procedure of 51a, EMO ethers of 51b, 51c and 51e 
were all cleaved to produce diols 83b, 83c and 83e respectively except 51d where 
decomposition occurred (Table 7). 
Table 7. Deprotection result of 51a-e following Scheme 17. 
"Entry R Yield of 83 
1 H 80% (83a) 
4-chloro 74% (83b) 
"3 4-bromo 69% (83c) 
4 4-methoxy Decomposed 
"5 3-chloro 80% (83e) 
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Finally, the terminal ester of 83a. 83b, 83c and 83e were saponified with 
aqueous NaOH to provide compound 52a, 52b, 52c, and 52e as a sodium salts in a 
quantitative yield (Scheme 18). 
R — A A A 1M NaOH, Et〇H’ rt I 八 八 a - + 
^ - ^ " ^ ^ ^ ^ ^ ^ v - ^ V ^ C O ^ E t 0 5h , Na 






Alkene 49 which contains the core unit of statins with the two hydroxyl groups 
protected was synthesized successfully from D-mannitol via stereoselective allylation 
and boron-chelation reduction as the key steps, in 13 steps and 33% overall yield 
(Scheme 19). 
HO QH / — f o 
OH OH OH OH OH O 
D-mannitol 65 74 
~ ~ ^ - ^ ^ " ^ V ^ ^ V ^ C O s E t 13 steps 
EOMO OEOM 33% overall yield 
49 
Scheme 19 
Olefin metathesis between alkene 49 and styrenes 50 generates different CM 
products 51 which were then converted to statin analogues in the form of sodium salts 
52 (Scheme 20). 
E O M O f c O s E t H O f C02Na+ 
k^OEOM k ^ O H 
E O M O v ^ 「门 j 2 steos J 
T C〇2B I Olefin metathesis ^ 
k /OEOM + ^ ^ 
^ M f S 
, R ^ ^ 
R R 
49 50 51 52 
52 R yield from 49 
52a H 67% 
52b 4-CI 55% 
52c 4-Br 51 % 




Melt ing points were measured wi th a Reichert apparatus in Celsius degrees and 
are uncorrected. Optical rotations were obtained wi th a Perkin-Elmer model 341 
polarimeter, operating at 589nm. Infrared (IR) spectra were recorded on a Nicolet 205 
or a Perkin-Elmer 1600 FT-IR spectrophotometer as thin fi lms on potassium bromide 
discs. Nuclear magnetic resonance (NMR) spectra were measured wi th Bmker Avance 
I I I 400 N M R spectrometer at 400.19 MHz (^H) or at 100.62 MHz (^^C) in CDCI3 
solutions, unless stated otherwise. A l l chemical shifts were recorded in ppm relative to 
tetramethylsilane (S = 0.0). Spin-spin coupling constants (J value) recorded in Hz were 
measured directly f rom the spectra. MS and HRMS were measured on a 
ThermoFinnigan M A T 95 K L at the Department of Chemistry, The Chinese University 
of Hong Kong, Hong Kong, China. A l l reactions were monitored by analytical thin-
layer chromatography (TLC) on Merck aluminium-precoated plates of silica gel 60 F254 
with detection by spraying wi th 5% (w/v) dodecamolybdophosphoric acid in ethanol or 
5% (w/v) ninhydrin in ethanol, and subsequent heating. E. Merck silica gel 60 (230-400 
mesh) was used for flash chromatography. A l l reagents and solvents were general 
reagent grade unless otherwise stated. D M F was dried by magnesium sulfate, filtered 
and the filtrate was then distilled under reduced pressure. Acetonitrile was freshly 
distilled from P2O5 under nitrogen. Acetone was dried by CaS04 and filtered. THF and 
toluene were freshly distilled from Na/benzophenone ketyl under nitrogen. Et jO was 
freshly distilled from K/benzophenone ketyl under nitrogen. Dichloromethane was 
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freshly distilled from P2O5 under nitrogen. Other reagents were purchased from 
commercial suppliers and were used without purification. 
Alkene 49. Triphenylphosphine (285 mg, 1.09 mmol) was added in one portion 
to a stirred solution of iodine (207 mg, 0.82 mmol) and imidazole (98.7 mg, 1.45 mmol) 
in dry toluene/acetonitrile (1:1, v/v) (4 mL). To the resulting yellow suspension was 
added a solution of diol 81 (61.3 mg, 0.18 mmol) in toluene (2 mL) wi th stirring. The 
reaction mixture was then heated at 80 under nitrogen for 1 h, a brownish orange 
solution wi th yellow precipitate was resulted. After cooling down, the reaction mixture 
was filtered and the filtrate was diluted wi th diethyl ether. The filtrate was then washed 
with saturated NaiSiOs solution (5 mL) and then wi th saturated NaHCOs solution (5 
mL). The aqueous phase was extracted with Et iO ( 3 x 8 mL). The combined organic 
extracts were washed wi th brine, dried over anhydrous MgSCU, and filtered. 
Concentration o f the filtrate followed by flash chromatography (hexane:Et20, 5:1) 
furnished alkene 49 (53.5 mg, 97%) as a colourless oil: [ a ] ^ -75 .5 (c 0.73, CHCI3)； R/ 
0.17 (hexane:Et20, 4:1); IR (thin f i lm) 2978, 2884, 1738, 1644, 1392, 1097, 1031, 928, 
847 c m 、 i H N M R S 1.17 (6H, t, J =7 .0 Hz), 1.23 (3H, t, J = 7 . 1 Hz ), 1.67 ( IH , dt, J = 
14.0, 6.3 Hz), 1.97 (IH，dt, 14.0, 7.0 Hz), 2.57 (2H, d, J= 6.3 Hz), 3.48 ( IH , dq, J= 9.5， 
7.1 Hz), 3.56 (2H, q, J二 7.1 Hz), 3.69 ( IH , dq, J= 9.5, 7.1 Hz), 4.05-4.17 (4H, m), 4.57 
( IH , d, J= 7.0 Hz), 4.68 (3H, 3d, 7.1, 7.0, 7.0 Hz), 5.19-5.25 (2H, 2d, J= 17.3, 10.2 
Hz), 5.60-5.69 ( IH , ddd, J = 17.3, 10.2, 7.8 Hz); ^'C N M R 8 14.1 (CH3), 14.9 (CH3), 
15.0 (CH3)，40.3 (CH2), 40.5 (CH2), 60.3 (CH2), 63.4 (CH2), 72.1 (CH), 74.2 (CH)，92.1 
(CH2), 94.8 (CH2), 117.9 (CH2), 137 .7 (CH), 171.2 (C); MS (ESI) m/z (relative intensity) 
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327 ([M+Na]+, 100); HRMS (ESI) calcd for CisHigOg [M+Na]+ 327.1778, found 
327.1778. 
Alkene 51a. To a stirred solution of alkene 49 (53.1 mg, 0.17 mmol) and styrene 
(0.060 mL, 0.52 mmol) in C I ^ C h G mL) was added second-generation Grubbs' catalyst 
(7.40 mg, 0.009 mmol) at room temperature under nitrogen. The reaction mixture was 
heated under reflux for 10 h under nitrogen. After cooling down, the solvent was 
removed under reduced pressure and the residue was purified by flash chromatography 
(hexane:Et2〇，4:1) to afford alkene 51a (55.8 mg, 84%) as a colourless oil: [a ]^ -105.4 
(c 0.86, CHCI3); RfOA7 (hexane:Et20, 4:1); IR (thin f i lm) 2976, 1736, 1448, 1391, 1096, 
1029, 846 c m ] ; ^H N M R (CsDs) 5 0.95 (3H, t,J=7A Hz), 1.09—1.16 (6H, 2t, J = 7.1, 
7.1 Hz), 1.90 ( I H , dt, J= 14.0, 6.2 Hz), 2.29 ( IH , dt, J = 14.0, 6.9 Hz), 2.65 ( IH , dd, J = 
15.4, 5.2 Hz), 2.71 ( IH , dd, J二 15.4, 7.2 Hz), 3.38 ( IH , dq, J= 9.4, 7.1 Hz), 3.51 (2H’ q, 
J= 7.1 Hz), 3.75 ( I H , dq, J = 9.4, 7.1 Hz), 3.97 (2H, q, J二 7.1 Hz), 4.44 ( IH , quin, J = 
6.2 Hz), 4.49-4.54 ( I H , m), 4.57 ( IH , d, J = 7.0 Hz), 4.70 ( IH , d, J二 7.0 Hz), 4.76 ( IH , 
d, J= 7.0 Hz), 4.80 ( IH , d, J= 7.0 Hz), 6.09 ( IH , dd, J= 15.9, 8.0 Hz), 6.58 ( IH , d, J = 
15.9 Hz), 7.01-7.06 ( IH , m), 7.08-7.12 (2H, m), 7.22-7.24 (2H, m); '^C N M R 5 14.3 
(CH3), 15.3 (CH3), 15.4 (CH3), 40.3 (CH2), 40.8 (CH2), 60.4 (CH2), 63.5 (CH2), 72.3 
(CH), 73.8 (CH), 92.1 (CH2), 94.9 (CH2), 126.5 (CH), 127.8 (CH), 128.6 (CH), 128.9 
(CH), 133.2 (CH), 136.3 (C), 171.2 (C); MS (ESI) m/z (relative intensity) 403 ([M+Na]+, 
100); HRMS (ESI) calcd for C21H32O6 [M+Na]+ 403.2091，found 403.2098. 
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Alkene 51b. To a stirred solution of alkene 49 (54.7 mg, 0.18 mmol) and 4-
chlorostyrene (0.065 mL, 0.54 mmol) in CH2CI2 (1 mL) was added second-generation 
Grubbs’ catalyst (7.60 mg, 0.009 mmol) at room temperature under nitrogen. The 
reaction mixture was heated under reflux for 10 h under nitrogen. After cooling down, 
the solvent was removed under reduced pressure and the residue was purified by flash 
chromatography (hexaneiEtsO, 4:1) to afford alkene 51b (54.9 mg, 74%) as a colourless 
oil: [a] o-90.3 {c 1.24, CHCI3); Rf023 (hexaneiEtsO, 2:1); IR (thin f i lm) 2974, 1731, 
1491, 1091, 1030, 807, 667 cm-i; ^H N M R (CfiDg) 5 0.95 (3H, t, J= 7.1 Hz), 1.08-1.15 
(6H, 2t, J = 7.0, 7.0 Hz), 1.88 ( IH , dt, J= 14.0, 6.2 Hz), 2.22-2.29 ( IH , m), 2.63 ( IH , 
dd, J 二 15.4, 5.2 Hz), 2.71 ( IH , dd, J 二 15.4, 7.3 Hz), 3.37 ( IH , dq, J 二 9.4, 7.1 Hz), 3.51 
(2H, q, 7.0 Hz), 3.74 ( IH , dq, J = 9.4, 7.0 Hz), 3.97 (2H, q, J二 7.1 Hz), 4.37-4.44 
( IH , m), 4 .454.50 ( IH , m)，4.56 ( IH , d, J = 7.0 Hz), 4.69 ( IH , d, J = 7.0 Hz), 4.74-
4.76 (2H, 2d, J二 7.0, 7.0 Hz), 5.95 ( I H , dd, J= 16.0, 7.9 Hz), 6.41 ( I H , d，J= 16.0 Hz), 
6.89 (2H, d, 8.4 Hz), 7.04 (2H, d, J = 8.4 Hz); ^'C NMR 6 14.2 (CH3), 15.0 (CH3), 
15.0 (CH3), 40.2 (CH2), 40.7 (CH2), 60.4 (CH2)’ 63.5 (CH2), 63.5 (CH2), 72.1 (CH), 73.6 
(CH), 92.1 (CH2), 94.8 (CH2), 127.7 (CH), 128.7 (CH), 129.7 (CH), 131.7 (CH), 133.4 
(C), 134.8 (C), 171.2 (C); MS (ESI) m/z (relative intensity) 437 ([M+Na]+, 100); HRMS 
(ESI) calcd for C21H31CIO6 [M+Na]"" 437.1701, found 437.1703. 
Alkene 51c. To a stirred solution of alkene 49 (52.2 mg, 0.17 mmol) and 4-
bromoostyrene (0.073 mL, 0.51 mmol) in CH2Cl2(l mL) was added second-generation 
Gmbbs, catalyst (7.30 mg, 0.009 mmol) at room temperature under nitrogen. The 
reaction mixture was heated under reflux for 10 h under nitrogen. After cooling down, 
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the solvent was removed under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 4:1) to afford alkene 51c (58.0 mg, 74%) as a colourless 
oil: [af^ -19A (c 0.66, CHCI3); i?/0.23 (hexaneiEtsO, 2:1); IR (thin f i lm) 2972, 1735, 
1694, 1486, 1094, 1029, 802 cm、^H N M R (CsDe) 5 0.95 (3H, t，J= 7.1 Hz), 1.08—1.15 
(6H, 2UJ= 7.0, 7.0 Hz) , 1.88 ( I H , dt,J= 14.0, 6.2 Hz) , 2.22-2.29 ( I H , m), 2.63 ( I H , 
dd, J二 15.4, 5.2 Hz), 2.71 ( IH , dd, J= 15.4, 7.2 Hz)，3.37 ( I H , dq，J= 9.4, 7.0 Hz), 3.51 
(2H, q, J= 7.0 Hz), 3.74 ( IH , dq, J= 9.5, 7.0 Hz), 3.97 (2H, q, J= 7.1 Hz), 4.38-4.50 
(2H, m), 4.56 ( I H , d, J= 7.0 Hz), 4.69 ( IH , d, J= 7.0 Hz), 4.75 (2H, 2d, J= 7.0, 7.0 Hz), 
5.96 ( IH , dd, J - 15.9, 7.9 Hz), 6.38 ( IH , d, J= 15.9 Hz), 6.81 (2H, m), 7.20 (2H, m); 
13c N M R 5 14.2 (CH3), 15.0 (CH3), 15.1 (CH3), 40.3 (CH2)，40.7 (CH2), 60.4 (CH2), 
63.5 (CH2), 63.6 (CH2), 72.2 (CH), 73.6 (CH), 92.2 (CH2), 94.8 (CH2), 121.6 (C)，128.0 
(CH), 129.9 (CH), 131.7 (CH), 131.8 (CH), 135.3 (C), 171.2 (C); MS (ESI) m/z (relative 
intensity) 481 ([M+Na]+，100); HRMS (ESI) calcd for CsiHsiBrOe [M+Na]+ 481.1196, 
found 481.1209. 
Alkene 51d. To a stirred solution of alkene 49 (82.4 mg, 0.27 mmol) and 4-
methoxystyrene (0.11 mL, 0.81 mmol) in CH2CI2 (2 mL) was added second-generation 
Gmbbs' catalyst (11.5 mg, 0.014 mmol) at room temperature under nitrogen. The 
reaction mixture was heated under reflux for 10 h under nitrogen. After cooling down, 
the solvent was removed under reduced pressure and the residue was purified by flash 
chromatography (hexaneiEtsO, 4:1) to afford alkene 51d (63.4 mg, 65%) as a colourless 
oil: [ a ]o -88 .6 (c 0.70，CHCI3)； R/OM (hexane:Et20, 2:1); IR (thin f i lm) 2976, 1737, 
1608, 1513, 1465, 1031, 971, 847 cm] ; N M R (CeDe) 5 0.96 (3H, t, J = 7.1 Hz), 
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1.10-1.17 (6H, 2t, J = 7.1, 7.1 Hz), 1.94 ( IH , dt, J = 13.9, 6.2 Hz), 2.33 ( IH , ddd, J = 
13.9, 7.4, 6.4 Hz), 2.65-2.76 (2H, m), 3.27 (3H, s), 3.39 ( IH , dq, 9.4, 7.0 Hz), 3.53 
(2H, q, J= 7.0 Hz), 3.78 ( IH , dq, J二 9.4, 7.1 Hz), 3.98 (2H, q, J= 7.1 Hz), 4.44-4.50 
( IH , m), 4.52-4.57 ( IH , m), 4.59 ( IH , d, J =7.0 Hz), 4.72 ( IH , d, J= 7.0 Hz), 4.78 
( I H , d ， J = 7 .0 H z ) , 4 .86 ( I H , d ， J = 7 .0 H z ) , 6 .00 ( I H , dd , J= 15.9, 8.2 H z ) , 6 .59 ( I H , 
d, 15.9 Hz), 6.72 (2H, d, J 二 6.8 Hz), 7.19 (2H, d, J = 6.8 Hz); ^'C N M R 5 14.2 
(CHs), 15.0 (CH3), 15.4 (CH3), 40.3 (CH2), 40.9 (CH2), 55.3(CH)，60.4 (CH2), 63.5 
(CH2), 72.3 (CH), 73.9 (CH), 92.2 (CH2), 94.8 (CH2), 114.0 (CH), 126.6 (CH), 127.8 
(CH), 129.1 (C)，132.9 (CH), 159.4 (C), 171.3 (C); MS (ESI) m/z (relative intensity) 433 
( [ M + N a ] \ 100); HRMS (ESI) calcd for C22H34O7 [M+Na]+ 433.2197, found 433.2186. 
Alkene 51e. To a stirred solution of alkene 49 (45.0 mg, 0.15 mmol) and 3-
chlorostyrene (0.056 mL, 0.44 mmol) in CH2CI2 (1 mL) was added second-generation 
Grubbs' catalyst (6.30 mg, 0.007 mmol) at room temperature under nitrogen. The 
reaction mixture was heated under reflux for 10 h under nitrogen. After cooling down, 
the solvent was removed under reduced pressure and the residue was purified by flash 
chromatography (hexaneiEtiO, 4:1) to afford alkene 51e (43.2 mg, 70%) as a colourless 
oil: [a ]^ -82.3 {c 0.99, CHCI3)； 7^/0.13 (hexaneiEtiO, 3:1); IR (thin f i lm) 2977, 1735, 
1593, 1565, 1473, 1030, 846, 776 c m ] ; ^H N M R (CeDe) 5 0.96 (3H, t, J - 7 . 1 Hz), 
1.09-1.15 (6H, 2t, 7.0, 7.0 Hz), 1.85 ( IH , dt, J - 14.0, 6.2 Hz), 2.23 ( IH , m), 2.63 
( IH , dd, 15.4, 5.2 Hz), 2.70 ( IH , dd, J二 15.4, 7.3 Hz), 3.37 ( IH , dq, J= 9.4, 7.0 Hz), 
3.50 (2H, q, J - 7 . 0 Hz), 3.73 ( IH , dq, J - 9.4, 7.0 Hz), 3.98 (2H, q, J= 7.1 Hz), 4.37-
4.47 (2H, m)，4.54 ( IH , d, J= 7.0 Hz), 4.68 ( IH , 7.0 Hz), 4.72 ( IH , d, J= 7.0 Hz), 
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4.75 ( I H , d, J= 7.0 Hz), 5.95 ( IH , dd, J= 15.9, 7.8 Hz), 6.37 ( IH , d, 15.9 Hz), 6.16 
( IH , t, J= 7.8 Hz), 6.90 ( IH , d, J= 7.8 Hz), 6.98—7.01 ( IH , m), 7.26 ( IH , t, J= 1.7 Hz); 
13c N M R 5 14.2 (CHs), 15.0 (CH3), 15.1 (CH3), 40.3 (CH2), 40.7 (Ofc) , 60.4 (CH2), 
63.5 (CH2), 63.5 (CH2), 72.2 (CH), 73.5 (CH), 92.2 (CH2), 94.8 (CH2), 124.7 (CH), 
126.4 (CH), 127.7 (CH), 129.8 (CH), 130.6 (CH), 131.5 (CH), 134.5 (C), 138.2 (C), 
171.2 (C); MS (ESI) m/z (relative intensity) 437 ([M+Na]+, 100); HRMS (ESI) calcd for 
C21H31CIO6 [M+Na]+ 437.1701, found 437.1699. 
Sodium salt 52a. To a solution of 82a (8.0 mg, 0.030 mmol) in EtOH (1 mL) 
was added 1.0 M NaOH (0.030 mL, 0.030 mmol). The reaction mixture was stirred at 
room temperature for 20 min. The solvent was removed under reduced pressure to form 
a light yellow solid 52a (7.8 mg, 100%): [a] Z +35.6 {c 0.39, MeOH); Rj 0.43 
(MeOH:EtOAc, 1:1); ^H N M R (MeOD) 8 1.71 ( IH , ddd, J = 13.8, 6.5, 4.2 Hz), 1.82 
( IH , ddd, 13.8, 8.7, 7.4 Hz), 2.32 ( IH , dd, J= 15.0, 7.7 Hz), 2.39 ( IH , dd, J= 15.0， 
5.1 Hz), 4.05-4.11 ( IH , m), 4.45 ( IH , q, 6.7 Hz), 6.24 ( IH , dd, J= 15.9, 6.9 Hz), 
6.61 ( IH , d, J = 15.9 Hz), 7.18-7.22 ( IH , m)，7.27—7.31 (2H, m), 7.40 ( IH , d, J = 7.3 
Hz); 13c N M R 5 45.1 (CH2), 45.7 (CH2), 68.6 (CH), 72.0 (CH), 127.5 (CH), 128.5 (CH), 
129.5 (CH), 131.4 (CH), 133.3 (CH), 138.5 (C), 180.5 (C); MS (ESI) m/z (relative 
intensity) 259 ([M+H]+, 100); HRMS (ESI) calcd for CisHisNaOq [ M + H ] . 259.0941, 
found 259.0945. 
Sodium salt 52b. To a solution of 83b (10.5 mg, 0.035 mmol) in EtOH (1 mL) 
was added 1.0 M NaOH (0.035 mL, 0.035 mmol). The reaction mixture was stirred at 
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room temperature for 20 min. The solvent was removed under reduced pressure to form 
a light yellow solid 52b (10.3 mg, 100%): [ a l ^ +32.6 (c 0.52, MeOH); Rj 0.50 
(MeOH:EtOAc, 1:1); ^H N M R (MeOD) 5 1.71 ( IH , ddd, J = 13.8, 6.5, 4.2 Hz), 1.81 
( I H , ddd, J= 13.8, 8.7, 7.3 Hz ) , 2.32 ( I H , dd, J= 15.0, 7.6 Hz ) , 2.38 ( I H , dd，J= 15.0, 
5.2 Hz), 4 .044.10 ( IH , m), 4.45 ( IH , q, J - 6.7 Hz), 6.26 ( IH , dd, J - 15.9, 6.7 Hz), 
6.59 ( IH , d, J= 15.9 Hz), 7.29 (2H, d, J= 8.5 Hz), 7.40 (2H, d, J= 8.5 Hz); '^C N M R 5 
45.0 (CH2), 45.7 (CH2), 68.5 (CH), 71.7 (CH), 128.9 (CH), 129.6 (CH), 129.9 (CH)， 
134.0 (C), 134.3 (CH), 137.2 (C), 180.4 (C); MS (ESI) m/z (relative intensity) 315 
([M+Na]十，100); HRMS (ESI) calcd for Ci3Hi4ClNa〇4 [M+Na]+ 315.0371, found 
315.0369. 
Sodium salt 52c. To a solution of 83c (14.4 g, 0.042 mmol) in EtOH (1.4 mL) 
was added 1.0 M NaOH (0.042 mL, 0.042 mmol). The reaction mixture was stirred at 
room temperature for 20 min. The solvent was removed under reduced pressure to form 
a light yellow solid 52c (14.1 mg, 100%): [a] ^ +27.7 (c 0.71, MeOH); Rf 0.50 
(MeOH:Et〇Ac, 1:1); ^H N M R (MeOD) 5 1.71 ( IH , ddd, J = 13.7，6.5’ 4.2 Hz), 1.81 
( I H , ddd, J= 13.8, 8.7, 7.3 Hz) , 2.32 ( I H , dd, J = 15.0, 7.6 Hz ) , 2.38 ( I H , dd,J= 15.0, 
5.1 Hz), 4.04-4.10 ( IH , m), 4.45 ( IH , q, 6.6 Hz), 6.28 ( IH , dd, J = 15.9, 6.7 Hz), 
6.57 ( IH , d, J二 15.9 Hz), 7.33 (2H, d , J = 8.5 Hz), 7.44 (2H, d, J = 8.5 Hz); ^'C N M R 5 
45.0 (CH2), 45.7 (CH2), 68.5 (CH), 71.7 (CH), 122.0 (C), 129.2 (CH), 129.9 (CH), 132.6 
(CH), 134.4 (CH), 137.7 (C), 180.4 (C); MS (ESI) m/z (relative intensity) 337 ([M+H]+, 
100); HRMS (ESI) calcd for C,3H,4BrNa04 [M+H]+ 337.0046, found 337.0047. 
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Sodium salt 52e. To a solution of 84e (25.0 mg, 0.084 mmol) in EtOH (2 mL) 
was added 1.0 M NaOH (0.084 mL, 0.084 mmol). The reaction mixture was stirred at 
room temperature for 20 min. The solvent was removed under reduced pressure to form 
a light yellow solid 52e (24.5 mg, 100%): [ a j ^ +27.1 (c 1.25, MeOH); Rf 0.50 
(MeOH:EtOAc, 1:1); ^H N M R (MeOD) 5 1.72 ( IH , ddd, J = 13.8, 6.4, 4.2 Hz), 1.82 
(IH，ddd, J二 13.8, 8.6, 7.4 Hz), 2.32 ( IH , dd, J= 15.0, 7.7 Hz), 2.39 ( IH , dd, J= 15.0, 
5.0 Hz), 4.05-4.11 ( IH , m), 4.43-4.48 ( IH , m), 6.30 ( IH , dd, J = 15.9’ 6.6 Hz), 6.58 
( IH , d , y = 15.9 Hz), 7.19-7.21 ( IH , m), 7.27 ( IH , t, 7.7 Hz), 7.33 ( IH , d, J = 7.7 
Hz), 7.41 (IH, s); 13c NMR 6 45.0 (CH2), 45.7 (CH2), 68.5 (CH), 71.6 (CH), 125.8 (CH), 
127.2 (CH), 128.3 (CH), 129.7 (CH), 131.0 (CH), 135.2 (CH), 135.5 (C), 140.6 (C), 
180.5 (C); MS (ESI) m/z (relative intensity) 293 ([M+H]+, 100); HRMS (ESI) calcd for 
Ci3Hi4ClNa〇4 [ M + I T f 293.0551, found 293.0554. 
l ,2 ,5,6-0-(3-Pentylidene)-D-mannitol (62). To a solution of D-mannitol (10.2 g, 
56.1 mmol) in D M F (30 mL) was added camphorsulfonic acid (0.39 g, 1.68 mmol). The 
reaction mixture was heated to 40 under nitrogen and 3,3-dimethoxypentane (15.5 g, 
118 mmol) was added dropwise over 10 min. Complete dissolution occurred after 30 
min and the solution was stirred at 40 °C for 3 h. The solution was cooled to room 
temperature and triethylamine (1 mL) was added. Solvent removal under reduced 
pressure followed by flash chromatography (hexane:EtOAc, 2:1) of the residue afforded 
62 (15.9 g, 89%) as a white solid: mp 96-97 [a fo+H-O (c 0.88, CHCI3); i^/0.17 
(hexane:EtOAc, 2:1); IR (thin f i lm) 3752, 2973, 2882, 1460, 1356, 1083, 916 cm'' ; ^H 
N M R 5 0.86—0.91 (12H, 2t，J = 7.5, 7.5 Hz), 1.58-1.69 (8H, m), 2.68 (2H, brs), 3.76 
41 
(2H, t, J = 6.0 Hz), 3.87-3.93 (2H, m), 4.114.19 (4H, m); ^^C N M R 5 8.04 (CH3), 8.22 
(CH3), 28.9 (CH2), 29.5 (CH2), 67.3 (CH), 71.6 (CH), 76.3 (CH), 113.3 (C); MS (ESI) 
m/z (relative intensity) 341 ([M+Na]+, 100); HRMS (ESI) calcd for C16H30O6 [M+Na]+ 
341.1935, found 341.1923. 
Homoallylic alcohols 65 and 66. NalCU (13.6 g, 64.0 mmol) was dissolved in a 
minimum amount of hot water (〜80 °C) and to this solution was added silica gel (230-
400 mesh, ca. 90 g) wi th vigorous swirling and shaking. The mixture was suspended in 
CH2CI2 (200 mL) and then a solution of 62 (6.79 g, 21.3 mmol) in CH2CI2 (15 mL) was 
added. After vigorous stirring at room temperature for 1 h, the mixture was filtered. 
The filtrate was concentrated under reduced pressure to give the aldehyde 61 as a 
colourless oil. It was then carried on the next step without further purification. To a 
solution of the crude aldehyde 61 in 95% 'BuOH (40 mL) were added indium (6.36 g, 
55.4 mmol) and allyl bromide (11.1 mL, 128 mmol). The mixture was stirred 
vigorously at room temperature for 5 h and then quenched wi th saturated NaHCOs 
solution (50 mL) The resultant mixture was extracted wi th EtOAc (3 x 60 mL). The 
combined organic extracts were washed with brine, dried over anhydrous MgS04, and 
filtered. Concentration of the filtrate followed by flash chromatography (hexane:Et20, 
3:1) gave firstly alkene 66 (1.18 g, 14% overall yield from 62) and secondly alkene 65 
(5.92 g, 69% overall yield from 62) as colourless oils. Data for 65: +18.7 {c 1.67, 
CHCI3); R/0.13 (hexane:Et20, 3:1); IR (thin f i lm) 3459, 3078, 2976, 2884, 1643, 1464, 
1378, 1173, 1080, 917 c i V ; N M R 5 0.85-0.91 (6H, 2t, J二 7.5, 7.5 Hz), 1.57-1.69 
(4I-I, m), 2.14 ( IH , m), 2.16-2.22 ( IH , m), 2.28-2.35 ( IH , m), 3.78-3.80 ( IH , m), 3.83-
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3.90 ( IH , m), 3.95-^.01 ( IH , m), 5.11-5.17 (2H’ m), 5.83 ( IH , ddt, 17.2, 10.2, 7.1 
Hz); ^H N M R (CDCI3-D2O) 5 0.86-0.92 (6H, 2t, J= 7.5, 7.5 Hz), 1.58—1.70 (4H, m), 
2.15-2.22 ( IH , m), 2.28-2.35 ( IH , m), 3.77-3.82 ( IH , m), 3.84-3.90 ( IH , m), 3.96-
4.02 (2H, m), 5.12-5.16 (2H, m), 5.83 ( IH , ddt, J - 17.2, 10.2, 7.1 Hz); ' 'C N M R 57.94 
(CH3), 8.17 (CH3), 29.0 (CH2), 29.4 (CH2), 37.7 (CH2), 65.5 (CH2), 70.4 (CH), 78.2 
(CH), 112.8 (C), 118.2 (CH2), 133.9 (CH); MS (ESI) m/z (relative intensity) 223 
([M+Na]+, 100); HRMS (ESI) calcd for C11H20O3 [M+Na]+ 223.1305, found 223.1303. 
Data for 66: [af^ +14.4 (c 2.23, CHCI3)； R/0.20 (hexaneiEtiO, 3:1); IR (thin f i lm) 
3475, 3077, 2974, 2885, 1642, 1463, 1284, 1080，918 cm—i; ^H N M R 5 0.85-0.91 (6H, 
2t, J - 7 . 5 , 7.5 Hz), 1.58—1.68 (4H, m), 2.18-2.27 (2H, m), 2.40 ( IH , d，J= 4.7 Hz), 
3.54-3.60 ( IH , m), 3.63-3.68 ( IH , m), 3.97-4.02 (2H, m), 5.08-5.14 (2H, m), 5.84 ( IH , 
ddt, J二 17.2, 10.2, 7.1 Hz); ^H N M R (CDCI3-D2O) 5 0.85—0.90 (6H, m), 1.57—1.67 (4H, 
m), 2.19-2.23 (2H, m), 3.54-3.58 ( IH , m), 3.62-3.67 ( IH , m), 3 .964.01 (2H, m), 5.07-
5.13 (2H，m), 5.84 ( I H , ddt, J二 17.2, 10.1, 7.1 Hz); ^^C N M R 5 7.92 (CH3), 8.12 (CH3), 
29.2 (CH2), 29.6 (CH2), 38.2 (CH2), 66.4 (CH2)，71.7 (CH), 78.8 (CH), 113.2 (C), 117.8 
(CH2), 133.9 (CH); MS (ESI) m/z (relative intensity) 223 ([M+Na]+, 100); HRMS (ESI) 
calcd for C11H20O3 [M+Na]+ 223.1305, found 223.1313. 
Silyl ether 67. A solution of homoallylic alcohol 65 (1.05 g，5.26 mmol), 
imidazole (1.43 g, 21.0 mmol) and rer/-hiityl dimethyl silyl chloride (TBSCl) (1.59 g, 
10.52 mmol) in dry DMF (2.1 mL) was stirred at room temperature under nitrogen for 
10 h. The mixture was quenched with saturated NaHCOs solution (5 mL) and the 
mixture was extracted with EtOAc ( 3 x 8 mL). The combined organic extracts were 
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washed wi th brine, dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexaneiCHiCli, 3:1) to afford silyl ether 67 (1.60 g，97%) as a 
colourless oil: [a]^ -41.6 (c 0.65, CHCI3); Rf023 (hexaneiCHsCli, 3:1); IR (thin f i lm) 
2935, 2860, 1465, 1356, 1255, 1087, 918 cm] ; ^H N M R 5 0.05 (3H, s), 0.07 (3H, s), 
0.84-0.90 (15H, m), 1.54-1.65 (4H, m), 2.31-2.35 (2H, m), 3.71-3.77 (2H, m), 3.92-
4.01 (2H, m), 5.05-5.10 (2H, m), 5.85 ( IH , ddt, J = 17.2, 10.2, 7.2 Hz); ^^C N M R 6 -4.7 
(CH3), — 4.1 (CH3), 8.15 (CH3), 18.0 (C), 25.8 (CH3), 29.1 (CH2), 29.8 (CH2), 39.2 (CH2)， 
67.4 (CH2), 72.7 (CH), 77.9 (CH), 112.8 (C), 117.5 (CH2), 134.1 (CH); MS (ESI) ml: 
(relative intensity) 337 ([M+Na]+’ 100); HRMS (ESI) calcd for CnHsAOsSi [M+Na]+ 
337.2169, found 337.2167. 
Diol 68. N M O (0.90 g, 7.67 mmol) was added to a solution of silyl ether 67 
(1.61 g，5.11 mmol) in acetoneiHiO (4:1, v/v) (25 mL) wi th a catalytic amount of 
osmium tetraoxide (1.20 m L of 10 mg mL"^ ferZ-butanol solution, 0.05 mmol) at room 
temperature. The solution was stirred for 20 h, diluted wi th EtOAc (30 mL) and 
quenched wi th saturated NasSsOs solution (20 mL). The resultant mixture was extracted 
wi th EtOAc (3 X 40 mL). The combined extracts were washed wi th brine, dried over 
MgS04, and filtered. The filtrate was concentrated and the residue was purified by flash 
chromatography (hexane:EtOAc, 2:1) to give diol 68 (1.91 g, 97%) as a colourless oil: 
[a ]D-14.7 (c 2.04, CHCI3)； 0.36 (hexane:EtOAc, 1:1); IR (thin f i lm) 3415, 2933, 
2886, 1472, 1361, 1084, 838 c m ] ; ' H N M R 5 0.05-0.06 (4.1H, 2s), 0.07 (3H, s), 0.10 
(3H, s), 0.85-0.90 (26.4H, m)，1.57-1.66 (8H, m), 1.70-1.80 (2H, m), 1.82-1.89 ( IH , 
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m)，2.48 (1.7H, brs), 3.09 (0.7H, brs), 3.42-3.47 (1.8H, m), 3.59 (1.8H, d, J= 10.4 Hz), 
3.66—3.73 (1.8H, m), 3.78-3.84 (1.9H, m), 3.87 ( IH , brs), 3.974.13 (5.5H, m); " C 
N M R 5 -4 .8 (CHs), 一4.1 (CHs), —4.1 (CH3), 8.0 (CH3), 8.1 (CH3), 8.1 (CH3), 17.8 (C), 
17.8 (C), 25.6 (CH3), 29.1 (CH2), 29.7 (CH2), 29.7 (CH2), 38.0 (CH2)，39.0 (CH2), 67.0 
(CH2), 67.1 (CH2), 68.3 (CH), 68.7 (CH2), 68.8 (CH2), 69.1 (CH), 71.5 (CH2), 73.2 (CH), 
78.2 (CH), 78.7 (CH), 113.6 (C), 113.6 (C); MS (ESI) m/z (relative intensity) 371 
([M+Na]+, 100); HRMS (ESI) calcd for CiyEbsOsSi [M+Na]+ 371.2224, found 371.2214. 
y?-Hydroxyester 71. NaI04 (2.91 g, 13.6 mmol) was dissolved in a minimum 
amount of hot water (〜80 °C) and to this solution was added silica gel (230-400 mesh, 
ca. 30 g) wi th vigorous swirling and shaking. The mixture was suspended in CH2CI2 
(200 mL) and then a solution of 68 (1.74 g, 4.53 mmol) in CH2CI2 (15 mL) was added. 
After vigorous stirring at room temperature for 1 h, the mixture was filtered. The filtrate 
was concentrated under reduced pressure to give the aldehyde 69 as a colourless oil. 
The crude aldehyde 69 was subjected to the next step without further purification. To a 
solution o f diisopropylamine (1.90 mL, 13.6 mmol) in dry THF (12 mL) was added 
dropwise A7-butyllithium in /7-hexane (1.6 M solution, 8.50 mL, 13.6 mmol) at -78。C 
under nitrogen. The reaction mixture was stirred for 20 min at -78。C and then EtOAc 
(1.30 mL, 13.6 mmol) was added. The reaction mixture was stirred for another 20 min 
at -78。C. Then, a solution of 69 in THF (6 mL) was added dropwise and stirred at -78 
OC for 1 h. The mixture was quenched with saturated NH4CI solution (20 mL) at that 
temperature. Then, the temperature was raised to room temperature and the mixture was 
extracted wi th EtOAc (3 x 20 mL). The combined organic extracts were washed with 
brine, dried over anhydrous MgS04, and filtered. Concentration of the solvent under 
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reduced pressure fol lowed by flash chromatography (hexane:Et20, 3:1) of the residue 
afforded the /^-hydroxyester 71 (1.76 g, 96%) as a colourless oil: [af^ 9.04 (c 2.29, 
CHCI3); Rf 0.29 (hexane:Et20, 2:1); IR (thin f i lm) 3503, 2931, 1734, 1464, 1375, 1174, 
1084, 837, 776 c m ] ; ^H N M R 5 0.06—0.07 (4.8H, 2s), 0.08 (3H, s), 0.10 (3H, s), 0.85-
0.90 (27.2H, m), 1.26 (5.4H, t, J = 7.1 Hz), 1.57—1.82 (11.9H，m), 1.85-1.92 (0.8H, m)， 
2.41-2.52 (3.7H, m), 3.21 (0.8H, d, J = 4.3 Hz), 3.67 ( I H , d, J - 2.5 Hz), 3.68-3.74 
(1.8H, m), 3.82-3.87 (1.8H, m), 4.00-4.10 (1.8H, m), 4.15 (3.6H, q, 7.1 Hz), 4.26— 
4.37 (1.9H, m); ^^C N M R 5 —4.7 (CH3), —4.7 (CH3), -4 .2 (CH3), —4.2 (CH3), 8.1 (CH3), 
8.1 (CH3), 8.1 (CH3), 14.1 (CH3), 17.9 (C), 17.9 (C), 25.7 (CH3), 25.7 (CH3), 29.0 
(CH2), 29.7 (CH2), 29.7 (CH2), 41.6 (CH2), 42.1 (CH2), 42.3 (CH2), 42.3 (CH2), 60.5 
(CH2), 64.7 (CH), 65.0 (CH), 68.3 (CH2), 68.4 (CH2), 71.1 (CH2), 72.1 (CH2), 78.6 (CH), 
78.9 (CH), 113.4 (C), 113.4 (C)，172.1 (C), 172.2 (C); MS (ESI) m/z (relative intensity) 
427 ([M+Na]+，100); HRMS (ESI) calcd for C2oH4o06Si [M+Na]+ 427.2486, found 
427.2472. 
/?-Ketoester 72. 3A Molecular sieves (ca. 20 mg) and pyridinium dichromate 
(PDC) (26.4 mg, 0.065 mmol) were added to a solution of the y^-hydroxyester 71 (6.61 g， 
18.8 mmol) in dry CH2CI2 (2 mL) under nitrogen at room temperature. The mixture was 
stirred for 24 h at room temperature. The mixture was then filtered through a pad of 
silica gel topped wi th Celite and the residue was washed wi th Et iO until no product was 
observed in the eluent (checked with TLC). Concentration of the filtrate followed by 
flash chromatography (hexaneiEtiO, 4:1) yielded y^-ketoester 72 (23.0 mg, 88%) as a 
pale yellow oil: [ a f ^ -0.30 (c 2.05, CHCI3); Rf036 (hexaneiEtsO, 3:1); IR (thin f i lm) 
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2936, 1749, 1720, 1655, 1464，1362, 1255, 1085, 837, 777 cm'^ ^H N M R 5 0.005 (0.8H， 
s), 0.03 (3H, s), 0.05 (0.8H, s), 0.09 (3H, s), 0.82-0.88 (19.9H, m), 1.24-1.28 (4H, 2t, J 
=7.1 , 7.1 Hz), 1.51-1.65 (5.4H, m), 2.29 (0.3H, dd, J 二 14.1, 7.3 Hz), 2.53 (0.3H, dd, J 
=14.1 , 4.2 Hz), 2.70 ( IH , dd, J == 16.1, 6.0 Hz), 2.88 ( IH , dd, J = 16.1, 5.2 Hz), 3.47 
(2H, s), 3.70 ( IH , dd, J 二 7.9, 6.9 Hz), 3.73-3.77 (0.3H, m), 3.87-3.93 ( IH , m), 3.94— 
3.97 (0.3H, m), 4 .004.08 (1.6H, m), 4.09-4.14 ( IH , m), 4.15-4.21 (2.6H, 2q, J = 7.1, 
7.1 Hz), 5.02 (0.3H, s), 12.1 (0.3H, s); '^C N M R 5 -4 .9 (CH3), —4.7 (CH3)，-4.6 (CH3), 
-4 .4 (CH3), 8.05 (CH3), 8.16 (CH3), 14.1 (CH3), 14.2 (CH3), 17.9 (C)，18.0 (C), 25.7 
(CH3), 25.8 (CH3), 28.8 (CH2), 28.9 (CH2), 29.5 (CH2), 29.7 (CH2), 40.9 (CH2), 48.5 
(CH2), 50.7 (CH2), 59.9 (CH2), 61.2 (CH2), 67.2 (CH2), 68.1 (CH2), 70.4 (CH), 70.7 
(CH), 78.7 (CH), 79.0 (CH), 91.7 (CH), 113.2 (C)，113.5 (C), 167.0 (C), 172.4 (C), 
175.1 (C), 200.6 (C); MS (ESI) m/z (relative intensity) 425 ([M+Na]+, 100); HRMS (ESI) 
calcd for CsoHssOgSi [M+Na]+ 425.2330, found 425.2340. 
r5-Hydroxy-)5-ketoester 73. To a solution of the ^-ketoester 72 (65.2 mg, 0.162 
mmol) in THF (3 mL) was added a solution of tetm-”-butylammonimn fluoride (TBAF) 
(0.18 mL, 0.18 mmol) in THF (1M, 0.18 mL, 0.18 mmol) and then AcOH (0.04 mL). 
The reaction mixture was stirred at room temperature for 10 h, was then washed with 
saturated NaHCOs solution (3 mL), and then saturated NH4CI solution (3 mL). The 
aqueous layer was extracted with EtOAc ( 3 x 1 0 mL). The combined organic extracts 
were washed wi th brine, dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure. Flash chromatography of the residue 
(hexane:Et20, 1:1) afforded (5-hydroxy y^-ketoester 73 (41.9 mg, 90%) as a pale yellow 
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oil: [a ]D-16.7 (c 1.44, CHCI3); i?/0.18 (hexaneiEtzO, 1:1); IR (thin f i lm) 3443, 2974, 
2885, 1742, 1720, 1466, 1172, 1080, 918 cm'^ ^H N M R 5 0.84—0.88 (6H，2t, J = 7.5, 
7.5 Hz), 1.27 (3H, t, J 二 11 Hz), 1.56-1.64 (4H, m), 2.71 ( IH , dd, J= 17.7, 8.9 Hz), 
2.95 ( IH , dd, J = 17.7, 2.7 Hz), 3.00 ( IH , s), 3.49 (2H, s), 3.87 ( IH , dd, J= 7.8, 6.1 Hz), 
3.90—3.95 ( IH , m), 3.99-4.04 ( IH , m), 4.08 ( IH , dd, J= 7.8, 5.9 Hz), 4.19 (2H, q, J 二 
7.2 Hz); 13c NMR 5 8.0 (CH3), 8.2 (CH3), 14.0 (CH3), 28.9 (CH2), 29.4 (CH2), 46.3 
(CH2), 49.8 (CH2), 61.5 (CH2)，67.3 (CH2), 69.0 (CH), 77.5 (CH), 113.4 (C), 166.8 (C), 
203.4 (C); MS (ESI) m/z (relative intensity) 311 ([M+Na]+, 100); HRMS (ESI) calcd for 
C14H24O6 [M+Na]+ 311.1465, found 311.1460. 
y9,J-Dihydroxyesters 74 and 75. To a cooled solution (-78 °C) of ^-hydroxy-y^-
keto ester 73 (310 mg, 1.07 mmol) in THF:MeOH (4:1, v/v) (15 mL) was added 
diethylmethoxyborane (0.15 mL, 1.18 mmol) under nitrogen. The reaction mixture was 
stirred at -78。C for 15 min and then sodium borohydride (44.7 mg, 1.18 mmol) was 
added. The mixture was stirred at -78 °C for a further 2 h and quenched at -78 °C with 
saturated NH4CI solution (10 mL). The temperature was raised to room temperature and 
the mixture was extracted wi th EtOAc (3 x 20mL). The combined organic extracts were 
washed with brine, dried over anhydrous MgS04, filtered, and concentrated under 
reduced pressure. The residue was azeotroped a few times wi th methanol until the 
hydrolysis of boronate was complete (checked with TLC). Flash chromatography of the 
residue (hexane:EtOAc, 2:1) furnished firstly 炒/7-y5,(5-dihydroxyester 74 (271 mg, 87%) 
and secondly anti-p,(5-dihydroxyester 75 (6.8 mg, 2%) as colourless oils. Data for 74: 
[af^ _4.74 (c 1.84, CHCI3); R/ 0.33 (hexane:EtOAc，1:1); IR (thin f i lm) 3435, 2974, 
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2886, 1730, 1461, 1080, 920 c m ] ; ^H N M R 5 0.85-0.89 (6H, 2t, J = 7.5, 7.5 Hz), 1.26 
(3H, t, J 二 l.\ Hz), 1.50—1.67 (5H, m), 1.83 ( IH , d, J - 13.9 Hz), 2.50 (2H, d, J = 6.2), 
3.61 ( IH , brs), 3.83 ( I H , d, J = 1.9 Hz), 3.85—3.92 (3H, m)，4.03-4.09 ( IH , m), 4.16 
(2H, q, J 二 7.1 Hz), 4 .264.33 ( IH , m); ^H N M R (CDCI3-D2O) 5 0.85-0.89 (6H，m), 
1.24-1.27 (3H, t, J 二 7.1 Hz), 1.47-1.66 (5H, m)，1.81-1.84 (2H, d, J = 14.2 Hz), 2.48-
2.50 (2H, d, J = 6.2 Hz), 3.85-3.92 (3H, m), 4.03-4.06 ( IH , m), 4.13-4.18 (2H, q, J -
7.1 Hz), 4.26-4.31 ( IH , m); ^^C N M R 5 7.97 (CH3), 8.19 (CH3), 14.1 (CH3), 29.0 (CH2), 
29.5 (CH2), 38.7 (CH2), 41.4 (CH2), 60.9 (CH2), 66.7 (CH2), 69.0 (CH), 72.8 (CH), 78.5 
(CH), 113.0 (C), 172.6 (C); MS (ESI) m/z (relative intensity) 313 ([M+Na]+, 100); 
HRMS (ESI) calcd for C14H26O6 [ M + N a f 313.1622, found 313.1619. 
Data for 75: [a ]^+19.4 {c 1.05, CHCI3); R/0.26 (hexane:EtOAc, 1:1); IR (thin 
f i lm) 3420, 2971, 2882, 1734, 1464, 1078, 919 cm"^ ^H N M R 5 0.86—0.91 (6H, 2t, J = 
7.5, 7.5 Hz), 1.27 (3H, t, J =7.1 Hz), 1.56-1.67 (5H, m)，1.70-1.77 (2H, m)，2.52 (2H, 
d,J= 62 Hz), 3.00 ( I H , d, 3.0 Hz), 3.55 ( IH , brs), 3.85-3.91 ( I H , m), 3.95 ( IH , brs), 
4.01-4.08 ( IH , m), 4.17 (2H, q, J = 7.1 Hz), 4.37-4.3 ( IH , m); ^H N M R (CDCI3-D2O) 6 
0.86-0.91 (6H, 2t, J = 7.5, 7.5 Hz), 1.27 (3H, t, J = 7.2 Hz), 1.58-1.66 (5H, m), 1.73 
( IH , ddd, J = 14.4, 8.8, 2.9 Hz), 2.51 (2H, d, J = 6.2 Hz), 3.85-3.90 (3H, m), 3.91-3.96 
( IH , m), 4 .004.08 ( I H , m), 4.17 (2H, q, J = 7.1 Hz), 4.34-4.40 ( IH , m); ^^C N M R 5 
7.97 (CH3), 8.21 (CH3), 14.1 (CH3), 29.0 (CH2), 29.5 (CH2), 38.1 (CH2), 41.1 (CH2), 
60.8 (CH2)，65.6 (CH), 66.4 (CH2), 69.3 (CH), 78.2 (CH), 113.0 (C), 173.0 (C); MS 
(ESI) m/z (relative intensity) 313 ([M+Na]+, 100); HRMS (ESI) calcd for C14H26O6 
313.1622, found 313.1620. 
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5j;«-Acetonide 78. To a solution of syn-^,^-dihydroxyester 74 (13.3 mg, 0.046 
mmol) in CH2Cl2(1.3 mL), 2,2-dimethoxypropane (11 j iL, 0.092 mmol) and a catalytic 
amount of camphorsulfonic acid (0.50 mg, 0.0023 mmol) were added. The reaction 
mixture was stirred at room temperature for 3 h under nitrogen. The reaction was 
quenched wi th solid NaHCOs (2 mg) and filtered. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography (hexaneiEtiO, 
4:1) to give 少/7-acetonide 78 (12.2 mg, 81%) as a colorless oil: [af^ +4.35 (c 0.93, 
CHCI3); Rf 0.23 (hexane:Et20, 3:1); IR (thin f i lm) 2977, 2885, 1739, 1464, 1379, 1087, 
920 cm-i; 1h N M R 5 0.85-0.90 (6H, 2t, J = 7.6 Hz), 1.21-1.27 (4H, m)，1.33 (3H, s)， 
1.43 (3H, s), 1.56-1.65 (4H, m), 1.83 ( IH , dt，J= 12.8, 2.4 Hz), 2.39 ( IH , dd, J= 15.5, 
5.6 Hz), 2.52 ( I H , dd, J = 15.5, 7.3 Hz), 3.73-3.82 (2H, m), 3.84-3.88 ( IH , m), 4.04-
4.08 ( IH , m)，4.10-4.20 (2H, m), 4.284.35 ( IH , m); " c N M R 5 7.99 (CH3), 8.20 (CH3), 
14.2 (CH3), 19.7 (CH3), 29.0 (CH2), 29.6 (CH2), 29.8 (CH3), 33.8 (CH2), 41.4 (CH2), 
60.5 (CH2), 65.7 (CH), 67.8 (CH2), 70.6 (CH), 78.4 (CH), 98.7 (C), 113.2 (C), 170.9 (C); 
MS (ESI) m/z (relative intensity) 353 ( [M+Na]. , 100); HRMS (ESI) calcd for C17H30O6 
[ M + N a f 353.1935, found 353.1929. 
flw/i-Acetonide 79. To a solution of anti-p,(5-dihydroxyester 75 (19.4 mg, 0.067 
mmol) in CH2CI2 (2 mL), 2,2-dimethoxypropane (12 | iL, 0.10 mmol) and a catalytic 
amount o f camphorsulfonic acid (0.80 mg, 0.0030 mmol) were added. The reaction 
mixture was stirred at room temperature for 3 h under nitrogen. The reaction was 
quenched wi th solid NaHCOs (2 mg) and filtered. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography (hexane:Et20, 
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4:1) to give a如.-acetonide 79 (19.8 mg, 90%) as a colorless oil: [ a ] ^ -31 .4 (c 0.77, 
CHCI3); i?/0.27 (hexane:Et20, 3:1); IR (thin f i lm) 2980, 2895, 1740, 1464, 1381, 1081, 
918 cm.i; ^H N M R 5 0.85-0.90 (6H, 2t, J= 7.4 Hz), 1.25 (3H, t, 7.1 Hz), 1.32 (3H， 
s), 1.34 (3H, s), 1.57-1.66 (5H, m), 1.75 ( IH , ddd, J= 13.0, 9.8, 6.3 Hz), 1.92 ( IH , ddd, 
13.0, 8.9, 5.9 Hz), 2.44 ( IH , dd, J= 15.6, 5.1 Hz), 2.53 ( IH , dd, J= 15.6, 8.3 Hz), 
3.68-3.77 (2H, m), 3 .994.04 ( IH , m), 4.07 ( IH , dd, J= 8.0, 6.4 Hz), 4.10-4.20 (2H, m), 
4.25-4.33 ( I H , m); ^^C N M R 5 7.92 (CH3), 8.20 (CH3), 14.2 (CH3), 24.5 (CH3)，24.6 
(CH3), 29.1 (CH2), 29.6 (CH2), 34.7 (CH2), 40.7 (CH2), 60.5 (CH2), 63.3 (CH), 67.8 
(CH2), 68.0 (CH), 78.2 (CH), 100.6 (C), 113.3 (C), 170.8 (C); MS (ESI) m/z (relative 
intensity) 353 ([M+Na]+, 100); HRMS (ESI) calcd for C17H30O6 [M+Na]+ 353.1935, 
found 353.1931. 
Ethoxymethyl ether 80. To a solution o f p,^-dihydroxyester 74 (684 mg, 2.36 
mmol) in THF (7.5 mL) was added Ay/-diisopropylethylamine (4.1 mL, 23.6 mmol) 
under nitrogen. The mixture was cooled to 0 and then chloromethyl ethyl ether (1.1 
mL, 11.8 mmol) was added. The reaction mixture was stirred at room temperature for 4 
days. The mixture was quenched with saturated NaHCOa solution (8 mL) and the 
mixture was extracted wi th EtOAc ( 3 x 1 5 mL). The combined organic extracts were 
washed wi th brine, dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexaneiEtiO, 2:1) to give ethoxymethyl ether 80 (948 mg, 99%) as a 
colourless oil: [ a ]o -13 .3 (c 1.35, CHCI3); Rj 0.23 (hexaneiEtsO, 2:1); IR (thin f i lm) 
2974, 2885, 1737, 1463, 1383, 1033, 848 cm、^H N M R 6 0.83-0.88 (6H, 2t, J = 7.4, 
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7.4 Hz), 1.14—1.19 (6H, 2t, J= 7.4, 7.4 Hz), 1.22 (3H, i,J= 7.1 Hz), 1.53-1.67 (4H, m), 
1.67—1.76 ( I H , m), 1.82-1.89 ( IH , m), 2.51-2.62 (2H, m), 3.49—3.66 (4H, m), 3.74-
3.78 (2H, m), 3.98-4.02 ( IH , m), 4.04-4.14 (3H, m), 4 .144.20 ( IH , m), 4.65-4.69 (3H, 
m), 4.75 (2H, d, J = 7.1 Hz); '^C N M R 6 8.03 (CH3), 8.08 (CH3), 14.1 (CH3), 14.9 (CH3), 
14.9 (CH3), 28.8 (CH2), 29.5 (CH2), 37.0 (CH2), 40.0 (CH2), 60.3 (CH2), 63.4 (CH2), 
63.7 (CH2), 66.4 (CH2)，71.8 (CH), 74.3 (CH2), 78.2 (CH), 94.5 (CH2), 95.0 (CH2), 
113.0 (C), 171.2 (C); MS (ESI) m/z (relative intensity) 429 ([M+Na]+, 100); HRMS (ESI) 
calcd for CioHsgOg [M+Na]+ 429.2459, found 429.2446. 
Dio l 81. A solution of ethoxymethyl ether 80 (0.51 g, 1.27 mmol) in 80% 
aqueous AcOH (35 mL) was stirred at room temperature for 12 h. The solvent was 
removed under reduced pressure and the residue was purified by flash chromatography 
(hexane:EtOAc, 2:1 to 1:4) to afford firstly starting material 80 (59.1 mg, 11%) and 
secondly diol 81 (333 mg, 78%) as a colourless oil: [af^ +31.4 (c 0.68, CHCI3)； Rf 0.23 
(hexane:EtOAc, 1:3); IR (thin f i lm) 3438, 2976, 2889, 1733, 1386, 1031, 848 cm—i; ^H 
N M R 5 1.16-1.25 (9H, m), 1.80 ( IH , dt, J - 14.8, 5.3 Hz), 1.93 ( IH , dt, J= 14.8, 6.4 
Hz), 2.52 ( IH , dd, J二 15.6, 5.7 Hz), 2.58-2.63 ( IH , m), 3.53-3.59 (3H, m), 3.60-3.69 
(5H, m), 3.75—3.76 ( I H , m), 4.11 (2H, q, J= 7.2 Hz), 4.15-4.20 ( IH , m)，4.64-4.73 (4H， 
m); iH N M R (CDCI3-D2O) 5 1.15-1.25 (9H, m), 1.80 ( IH , dt, J = 14.8, 5.3 Hz), 1.93 
( IH , dt, J 二 14.8, 6.4 Hz), 2.52 ( IH , dd, J = 15.6，5.6 Hz), 2.60 ( IH , dd, 15.6, 5.6 
Hz), 3.53—3.59 (3H, m), 3.60—3.69 (5H，m), 3.74-3.75 ( IH , m), 4.10 (2H, q, J= 11 Hz), 
4.15-4.19 ( IH , m), 4.64-4.73 (4H, m); ^'C N M R 5 14.2 (CH3)，14.9 (CH3), 14.9 (CH3), 
36.2 (CH2), 40.1 (CH2), 60.6 (CH2), 63.2 (CH2), 63.8 (CH2), 64.1 (CH2), 71.9 (CH), 73.0 
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(CH), 77.9 (CH), 94.7 (CH2), 95.2 (CH2), 171.2 (C); MS (ESI) m/z (relative intensity) 
361 ([M+Na]+，100); HRMS (ESI) calcd for C15H30O8 [M+Na]+ 361.1833, found 
361.1837. 
Dio l 83a. To a stirred solution of alkene 51a (20.9 mg, 0.055 mmol) in dry 
MeCN:CH2Cl2 (2:1, v/v) (3 mL) was added Nal (124 mg, 0.82 mmol). The mixture 
turned pale yellow in colour after Nal was dissolved. The solution was then cooled to 0 
°C and AICI3 (110 mg, 0.82 mmol) was added. The colour of the solution turned to dark 
yellow. The reaction mixture was stirred at 0 °C for 1 h., was then washed wi th 
saturated Na2S203 solution (5 mL) and then saturated NaHCOs (10 mL). The aqueous 
phase was extracted wi th EtaO (3 x 15 mL). The combined organic extracts were 
washed wi th brine, dried over anhydrous MgSC^，filtered, and concentrated under 
reduced pressure. Flash chromatography of the residue (hexane:EtOAc, 2:1) afforded 
diol 83a ( 1 1 . 6 mg, 80%) as a colourless oil: [a]'^ -8.99 (c 0.50, CHCI3); Rf 0.20 
(hexane:EtOAc, 1:1); IR (thin f i lm) 3411, 2929, 1724，1409, 1375, 1070, 970, 750 cm'^ 
iH N M R (C6D6) 5 0.92 (3H, t, J= 7.1 Hz), 1.36 ( IH , dt, J = 14.2, 3.0 Hz), 1.64 ( IH , dt, 
J二 14.1, 9.7 Hz), 2.14 ( IH , dd, J二 16.2, 3.9 Hz), 2.31 ( IH , dd, J= 16.2, 8.6 Hz), 3.03 
( IH , brs), 3.77 ( IH , brs), 3.89 (2H, q, J= 7.1 Hz), 4.13-4.19 ( IH , m), 4.34-4.38 ( IH , m), 
6.10 ( IH , dd, J二 15.9, 5.9 Hz), 6.61 ( IH , d, J二 15.9 Hz), 7.04-7.08 ( IH , m), 7.12-7.14 
(2H, m), 7.28 (2H, d, 7.4 Hz); ' 'C N M R 5 14.1 (CH3), 41.6 (CH2), 42.7 (CH2), 60.8 
(CH2), 68.4 (CH), 72.6 (CH), 127.5 (CH), 127.7 (CH), 128.5 (CH), 130.1 (CH), 131.5 
(CH), 136.6 (C), 172.5 (C); MS (ESI) m/z (relative intensity) 287 ([M+Na]+, 100); 
HRMS (ESI) calcd for C15H20O4 [M+Na]+ 287.1254, found 287.1255. 
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Diol 83b. To a stirred solution of alkene 51b (39.9 mg, 0.096 mmol) in dry 
MeCN:CH2Cl2 (2:1, v/v) (3.6 mL) was added Nal (216 mg, 1.44 mmol). The mixture 
turned pale yellow in colour after Nal was dissolved. The solution was then cooled to 0 
°C and AICI3 (192 mg, 1.44 mmol) was added. The colour o f the solution turned to dark 
yellow. The reaction mixture was stirred at 0 °C for 1 h., was then washed wi th 
saturated NaiSiOa solution (5 mL) and then saturated NaHCOs (10 mL). The aqueous 
phase was extracted wi th Et^O (3 x 15 mL). The combined organic extracts were 
washed wi th brine, dried over anhydrous MgSC^, filtered, and concentrated under 
reduced pressure. Flash chromatography of the residue (hexaneiEtOAc, 2:1) afforded 
diol 83b (21.4 mg, 74%) as a colourless oil: [ a j ^ -11.2 (c 0.73, CHCI3); R/ 0.27 
(hexane:EtOAc, 1:1); IR (thin f i lm) 3388, 2925, 1723, 1490, 1301, 1090, 967, 810 c m ] ; 
1h N M R (C6D6) 8 0.91 (3H, t, J= 7.1 Hz), 1.31 ( IH , dt, J= 14.2, 2.9 Hz), 1.59 ( IH , dt, 
J= 14.2, 9.8 Hz), 2.12 ( IH , dd, J= 16.4，3.8 Hz), 2.28 ( IH , dd, J= 16.4, 8.6 Hz), 3.22 
( IH , brs), 3.77 ( I H , brs), 3.88 (2H, q, J= 7.1 Hz), 4.08-4.15 ( IH , m)，4.31-4.35 ( IH , m), 
5.95 ( IH , dd, J二 15.9, 5.8 Hz), 6.48 ( IH , dd, J= 15.9, 0.8 Hz), 6.95 (2H, d, J= 8.5 Hz), 
7.09 (2H，d, J = 8.5 Hz); ^^C N M R 8 14.1 (CH3), 41.5 (CH2), 42.6 (CH2), 60.9 (CH2), 
68.4 (CH), 72.4 (CH), 127.7 (CH), 128.7 (CH), 128.8 (CH), 132.1 (CH), 133.2 (C), 
135.1 (C), 172.6 (C); MS (ESI) m/z (relative intensity) 321 ([M+Na]+, 100); HRMS (ESI) 
calcd for C15H19CIO4 [M+Na]+ 321.0864, found 321.0870. 
Dio l 83c. To a stirred solution of alkene 51c (21.1 mg, 0.046 mmol) in dry 
MeCN:CH2Cl2 (2:1, v/v) (2.7 mL) was added Nal (103 mg, 0.69 mmol). The mixture 
5 4 
turned pale yel low in colour after Na l was dissolved. The solution was then cooled to 0 
°C and AICI3 (91.9 mg, 0.69 mmol) was added. The colour o f the solution turned to 
dark yel low. The reaction mixture was stirred at 0 °C for 1 h., was then washed wi th 
saturated NaiSsO] solution (5 mL) and then saturated NaHCOs (10 mL). The aqueous 
phase was extracted w i th Et20 (3 x 15 mL). The combined organic extracts were 
washed w i th brine, dried over anhydrous MgS04, filtered, and concentrated under 
reduced pressure. Flash chromatography o f the residue (hexane:EtOAc, 2:1) afforded 
diol 83c (10.9 mg, 69%) as a colourless oi l : [ a j ^ -15.8 (c 0.55, CHCI3); R/ 0.30 
(hexane:EtOAc, 1:1); IR (thin f i lm) 3397, 2923, 1725, 1483’ 1374, 1071, 971, 804 cm-i; 
1h N M R (C6D6) 5 0.91 (3H, t, J= 7.1 Hz), 1.31 ( I H , dt, J= 14.2, 2.9 Hz), 1.59 ( I H , dt, 
J= 14.2，9.7 Hz), 2.12 ( I H , dd，J= 16.4, 3.9 Hz), 2.27 ( I H , dd, J= 16.4, 8.6 Hz), 3.23 
( I H , brs), 3.77 ( I H , brs)，3.88 (2H, q, J= 7.1 Hz), 4.08-4.14 ( I H , m), 4 .304 .35 ( I H , m), 
5.95 ( I H , dd , J - 15.9, 5.8 H z ) , 6 .45 ( I H , d , J= 15.9 H z ) , 6 .88 ( 2 H , d，J= 8.4 H z ) , 7 .25 
(2H, d, J = 8.4 Hz); 13c NMR 5 14.1 (CH3), 41.5 (CH2), 42.6 (CH2), 60.9 (CH2), 68.4 
(CH), 72.5 (CH), 121.4 (C), 128.0 (CH), 128.8 (CH), 131.6 (CH), 132.3 (CH), 135.6 (C), 
172.6 (C); M S (ESI) m/z (relative intensity) 365 ( [ M + N a f , 100); H R M S (ESI) calcd for 
Ci5Hi9Br04 [M+Na]+ 365.0359, found 365.0369. 
Diol 83e. To a stirred solution o f alkene 51e (24.9 mg, 0.060 mmol) in dry 
MeCN:CH2Cl2 (2:1, v/v) (3mL) was added Na l (135 mg, 0.900 mmol). The mixture 
turned pale yel low in colour after Na l was dissolved. The solution was then cooled to 0 
and AICI3 (120 mg, 0.900 mmol) was added. The colour o f the solution turned to 
dark yel low. The reaction mixture was stirred at 0 for 1 h., was then washed wi th 
55 
saturated NaiSiOs solution (5 mL) and then saturated NaHCOs (10 mL). The aqueous 
phase was extracted w i th EtzO (3 x 15 mL). The combined organic extracts were 
washed w i th brine, dried over anhydrous MgS04, filtered, and concentrated under 
reduced pressure. Flash chromatography o f the residue (hexane:EtOAc, 2:1) afforded 
diol 83e (14.4 mg, 80%) as a colourless oi l : [ a j ^ -8 .24 (c 0.43, CHCI3); Rf 0.30 
(hexane:EtOAc, 1:1); IR (thin f i lm) 3402，2919, 1726, 1711, 1179, 776, 669 c m ] ; ^H 
N M R (C6D6) 5 0.92 (3H, t, J= 7.1 Hz), 1.27 ( I H , dt, J= 14.2, 2.9 Hz), 1.55 ( I H , dt, J = 
14.2, 9.7 Hz), 2.11 ( I H , dd, J= 16.4, 3.8 Hz), 2.26 ( I H , dd, J= 16.4, 8.6 Hz), 3.06 ( I H , 
brs), 3.67 ( I H , brs)，3.88 (2H, q, 7.1 Hz), 4 .054 .11 ( I H , m), 4.26-4.31 ( I H , m)， 
5.92 ( I H , dd, J= 15.9, 5.6 Hz), 6.46 ( I H , dd, J= 15.9, 1.2 Hz), 6.80 ( I H , t, J= 7.8 Hz)， 
6.94 ( I H , d, J - 7.8 Hz), 7.00-7.03 ( I H , m), 7.33 ( I H , t, J二 1.8 Hz); " C N M R 5 14.1 
(CH3), 41.5 (CH2), 42.5 (CH2), 60.9 (CH2)，68.4 (CH), 72.3 (CH), 124.7 (CH), 126.3 
(CH), 127.5 (CH), 128.6 (CH), 129.8 (CH), 133.0 (CH), 134.4 (C), 138.6 (C)，172.6 (C); 
MS (ESI) m/z (relative intensity) 321 ([M+Na]+, 100); HRMS (ESI) calcd for 
C15H19CIO4 [M+Na]+ 321.0864, found 321.0869. 
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List of spectra 
1 Alkene 49 61 
2 Alkene 51a 63 
3 Alkene 51b 65 
4 Alkene 51c 67 
5 Alkene 51d 69 
6 Alkene 51e 71 
7 Sodium salt 52a 73 
8 Sodium salt 52b 75 
9 Sodium salt 52c 77 
10 Sodium salt 52e 79 
11 l,2,5,6-0-(3-Pentylidene)-D-mannitol (62) 81 
12 Homoallylic alcohol 65 83 
13 Homoallylic alcohol 66 86 
14 Silyl ether 67 89 
15 Diol 68 91 
16 y^-Hydroxyester 71 93 
17 y^-Ketoester 72 95 
18 ^-Hydroxy-y^-ketoester 73 97 
19 P, ^ -Dihydroxyesters 74 100 
20 各Dihydroxyesters 75 102 
21 紗"-Acetonide 78 105 
22 朋//-Acetonide 79 107 
23 Ethoxymethyl ether 80 109 
24 Diol 81 111 
25 Diol 83a 114 
26 Diol 83b 116 
27 Diol 83c 118 
28 Diol 83e 120 
NMR spectra were measured in CDCI3 solutions, unless stated otherwise, 
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